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In teleosts, it is well documented that the pituitary produces two 
gonadotropins (GTHs), namely follicle-stimulating hormone (FSH) and 
luteinizing hormone (LH), which regulate different events of the reproductive 
cycle such as gametogenesis and gonadal steroidogenesis. The expression of 
GTHs is regulated by three main factors: gonadotropin-releasing hormone 
(GnRH), gonadal steroids (e.g. estradiol and testosterone) and growth factors 
such as activin. 
Activin is a dimeric protein ( / 5八 / 3八，and /3b/3b) belonging to the 
transforming growth factor-0 (TGF-jS) superfamily of growth factors. It has 
widespread tissue distribution and diverse biological activities including the 
regulation of hypothalamo-pituitary-gonadal (HPG) axis. Activin functions 
mainly as a paracrine and autocrine factor in local tissues. Our previous 
findings have demonstrated that recombinant goldfish activin B stimulates 
FSHjS but significantly suppresses LH/? expression in the primary culture of 
goldfish pituitary cells. However, the molecular mechanism of the stimulatory 
action of activin remains unknown. 
Goldfish has been one of the best-studied fish models for the regulation 
of GTH secretion and expression. However, it has been difficult to study 
FSH/S expression using the primary culture of goldfish pituitary cells. From 
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the results of in situ hybridization in our laboratory (unpublished), the number 
ofFSH cells in the pituitary is much lower than that of LH cells. 
In the present study, a stable LpT2#23 cell line containing and expressing 
the SEAP reporter gene driven by the goldfish FSHjS promoter has been 
established. L/3T2, a differentiated gonadotroph cell line isolated by targeted 
tumorigenesis in transgenic mice, has been shown to express GnRH receptor, 
steroidogenic factor 1, estrogen and progesterone receptors, both the a - and 
P-subunits of LH and P-subunit of FSH. Therefore, as a homogeneous cell 
line, the establishment of LpT2#23 cell line will complement the studies on 
FSHp expression using the primary goldfish pituitary culture and serve as a 
useful and efficient model to study the regulation of the goldfish FSHp gene at 
the promoter level. 
Using LpT2#23 cells, the effect of activin on goldfish FSHp expression 
has been confirmed and further investigated in details. Both recombinant 
human activin A and recombinant goldfish activin B stimulated goldfish FSHp 
expression at the promoter level. This stimulatory action is specific as 
demonstrated by the blockade of activin effect by follistatin, a specific 
activin-binding protein, in a dose-dependent manner. Furthermore, the basal 
activity of the goldfish FSHp promoter in LpT2#23 cells was also reduced by 
follistatin, suggesting the production of endogeneous activin by LpT2 cells, 
which has been confirmed by RT-PCR. 
Since activin stimulates the transcription of the goldfish FSHp gene, it 
would be interesting to investigate which part of the FSHp promoter responds 
to activin. In the present study, a potential activin responsive element (ARE) 
has been localized in the goldfish FSHp between the -160 and -200 bp of the 
promoter and a palindromic sequence AACAGGGATCCTGTT is identified in 
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the region. The identity of this potential ARE has to be confirmed by more 
experiments using site-directed mutagenesis and gel mobility shift assay. 
In conclusion, the present study confirmed that activin stimulates 
goldfish FSH(3 at the transcriptional level and identified a potential ARE in the 
promoter of FSHp. The study contributes to our knowledge about activin 
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In vertebrates, endocrine glands such as adrenals, thyroid and gonads are 
controlled by a number of peptide hormones produced from the pituitary. 
These pituitary hormones include corticotropin, gonadotropins and 
thyrotropin. Gonadotropins (GTHs) play a major role in the perpetuation of 
vertebrate life. They regulate different phases of the reproductive cycle 
including gametogenesis, steroidogenesis and ovulation. In mammals, it is 
well documented that there are two gonadotropins, namely follicle-stimulating 
hormone (FSH) and luteinizing hormone (LH), that have important roles in 
the reproductive processes. In fish, the duality of GTHs has been 
demonstrated in a variety of species, and evidence has accumulated that these 
two GTHs are differentially regulated during the reproductive cycle. A 
potential regulator that differentially regulates GTHs is activin, which is a 
growth factor belonging to the transforming growth factor-jS (TGF-/?) 
superfamily. This chapter gives an overview of GTHs, activin and its 
differential regulation of GTHs, promoter analysis of GTHs and the objectives 
of the present project. 
1.1 Gonadotropins 
1.1.1 Structure 
As mentioned, the GTHs present in mammals are FSH and LH, which 
belong to the family of glycoprotein hormones (GPH). Like other members of 
GPH family, such as pituitary thyroid-stimulating hormone and placental 
chorionic gonadotropin (CG), FSH and LH are heterodimers composed of two 
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noncovalently bound and glycosylated subunits. The a subunit is common to 
all GPH and contains two oligosaccharides that are N-linked to asparagines, 
whereas the P subunit is structurally distinct and hormone specific (Pierce and 
Parsons 1981) (Fig. 1-1). 
In fish, the gonadal functions were originally believed to be controlled by 
a single GTH (Fontaine and Dufour 1987). This concept were generally 
accepted until late 1970s when Idler and Ng demonstrated that there were two 
GTHs in fish, a carbohydrate-poor, vitellogenic GTH and a carbohydrate-rich, 
maturational GTH (Idler and Ng 1983). The controversy over dual GTHs was 
settled when two distinct GTHs were isolated and characterized in the 
pituitaries of fish such as chum salmon {Oncorhynchus ketd) (Suzuki et al 
1988b), coho salmon {Oncorhynchus kisutch) (Swanson et al. 1991), common 
carp {Cyprinus carpio) (van der Kraak et al. 1992) and bonito {Katsuwonus 
plelamis) (Koide et al. 1993). The duality of GTHs in fish has further been 
demonstrated by molecular cloning of GTH subunits in chum salmon (Sekine 
et al. 1989)，killifish (Fundulus heteroclitus) (Lin et al. 1992), masu salmon 
(Oncorhynchus masou) (Kato et al 1993), striped bass {Morone saxatilis) 
(Hassin et al 1995), gilthead seabream {Sparus auratd) (Elizur et al 1996)， 
goldfish {Carassius auratus) (Yoshiura et al. 1997), blue gourami 
{Trichogaster trichopterus) (Jackson et al 1999) and Japanese eel {Anguilla 
japonica) (Nagae et al 1996; Yoshiura et al. 1999). As in mammals, the two 
GTHs in fish contain a common a subunit and a specific (3 subunit (Suzuki et 
al. 1988b; Swanson et al. 1991; van der Kraak et al. 1992; Koide et al. 1993) 
(Fig. 1-2). 
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1.1.2 Function 
In mammals, FSH and LH have different functions in reproduction. FSH 
is mainly responsible for estradiol-17/5 (E2) secretion in the female, promoting 
follicular growth in the ovary and increasing spermatogenic activity in the 
testis, whereas LH stimulates not only steroidogenesis including progesterone 
and testosterone production but also gamete maturation. FSH exerts its effects 
on the Sertoli cells and the granulosa cells whereas LH has its effects on the 
Leydig cells and theca cells in the testis and ovary respectively (Richards 
1994). In the male, spermatogenesis requires FSH and high levels of 
testosterone (T). In the Leydig cells, LH stimulates the production of T, which 
is in turn reduced to 5a-reduced androgens in the Sertoli cells and 
concentrated in the tubules by a special androgen-binding protein induced by 
FSH. On the other hand, in the female, both FSH and LH are vital for 
follicular development and steroidogenesis in the ovary (Creep et al. 1942). 
LH stimulates cyctochrome P450 enzymes in the theca cells to produce 
androstenedione and T, which are then transported to the adjacent granulosa 
cells (Richards 1994) and converted to E2 by an FSH-induced aromatase 
(Erickson et al. 1985), resulting in the promotion of follicular growth. Besides, 
LH regulates the oocyte maturation and ovulation. In the midcycle of the 
reproductive cycle, a high level of E2 induces a surge of LH by positive 
feedback (Albanese et al 1996). Then, LH alters the integrity of the follicle, 
which releases the oocyte and its surrounding granulosa cells, resulting in 
ovulation. 
In fish, it used to be believed that FSH and LH had similar functions 
unlike those in mammals. Suzuki (1988) showed that FSH and LH had no 
significant difference in the potency of enhancing E2 production by 
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midvitellogenic ovarian follicles. Moreover, it was shown that FSH and LH 
shared the same spectrum of biological activities in the stimulation of ovarian 
and testicular steroidogenesis and induction of final oocyte maturation in an in 
vitro bioassay using goldfish as the model (van der Kraak et al. 1992). 
However, in an in vitro study using amago salmon {Oncorhynchus rhodurus) 
intact ovarian follicles, LH was found to have higher potency in inducing 17a, 
20p-dihydroxy-4-pregnen-3-one (17a, 20p-DHP) production during oocyte 
maturation (Suzuki et al 1988c). According to the two-cell model for ovarian 
steroid production in teleosts (Nagahama 1987), during vitellogenesis, GTHs 
enhance T and 17a-hydroxyprogesterone (17a-HP) synthesis in the thecal 
cells. In the granulosa cells, T is aromatized into E2, which acts on the liver to 
promote vitellogenin synthesis. Also, 17a-HP is converted into 17a, 20p-DHP 
in the granulosa cells by 20i(3-hydroxysteroid dehydrogenase (20p-HSD), 
which is an oocyte maturing factor responsible for the resumption of meiosis 
and ovulation. In male fish, GTHs enhance the release of 11 -ketotestosterone 
(11-KT) from the Leydig cells of the testes. 11- KT then has important roles in 
stimulating spermatogenesis through the Sertoli cells (Nagahama 1994) and 
maintaining spermatozoa viability and sperm storage (Malison et al. 1994). 
The contention of two functionally distinct GTHs in fish was first recognized 
when the seasonal profiles of FSH and LH were demonstrated in coho salmon 
(Swanson et al. 1991). In the early events of gametogenesis like vitellogenesis, 
the level of FSH remains high until ovulation takes place. On the other hand, 
the level of LH remains low but increases dramatically just before the 
maturation of gametes (Fig. 1-3). Other strong evidence of functional duality 
of fish GTHs includes the profiles of FSH and LH mRNA levels at different 
stages of gonadal development, similar to those in coho salmon, in rainbow 
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trout {Salmo gairdneri), gilthead seabream, goldfish, red seabream {Pagrus 
major) and tilapia hybrid {Oreochromis niloticus x O. aureus) (Meiri et al 
1995; Weil et al. 1995; Sohn et al. 1999; Gen et al. 2000; Melamed et al. 
2000). The differential expression of GTHs indicates that FSH and LH are 
responsible for regulating different stages of the reproductive cycle, as do 
mammalian GTHs. FSH has a primary function in stimulating 
steroidogenesis (Suzuki et al. 1988c) and the uptake of the yolk protein 
precursor, vitellogenin, during vitellogenesis (Tyler et al. 1991), whereas LH 
induces final maturation, ovulation and spermiation (Swanson et al 1991; 
Prat et al 1996; Kagawa et al. 1998). , 
1.1.3 Regulation 
The two distinct GTHs in teleosts, FSH and LH, are synthesized from 
different gonadotrophs (Nozaki et al 1990a; Nozaki et al. 1990b). 
FSH-producing gonadotrophs are located in the periphery of the glandular 
cords of the proximal pars distalis (PPD) while LH-producing gonadotrophs 
are distributed in the central parts of the glandular cords of the PPD. To 
regulate the GTHs synthesis and release, these gonadotrophs are strictly 
controlled by three major groups of factors: gonadotropin-releasing hormone 
(GnRH) and dopamine (DA) from the hypothalamus, sex steroids (T and E2) 
from the gonads and the autocrine/ paracrine activin family of growth factors 
from the pituitary (Fig. 1-4). 
1.1.3.1 Neuroendocrine regulators from the hypothalamus (Gonadotropin-
releasing hromone, GnRH, and dopamine, DA) 
In mammals, the hypothalamic decapeptide GnRH stimulates the gene 
i 
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expression and secretion of GTHs from the pituitary. GnRH is secreted in a 
pulsatile manner in order to maintain an episodic secretion of FSH and LH 
(Carmel et al 1976; Drouva and Gallo 1976). High pulse frequency of GnRH 
stimuli supports LH synthesis and secretion whereas low pulse frequency is 
more effective in enhancing FSH synthesis and release (Dalkin et al 1989; 
Jayes et al. 1997). In fish, GTHs are also stimulated by GnRH. However, 
there is no hypothalamo-hypophyseal portal system in teleosts and GnRH acts 
directly on the pars distalis by innervation to regulate GTH release (Kaul and 
Vollrath 1974; Ball 1981). GnRH enhances FSH secretion in female rainbow 
trout (Breton and Sambroni 1996), and promotes the release of LH both in 
vivo and in vitro in coho salmon (Van Der Kraak et al. 1987)，rainbow trout 
(Weil and Marcuzzi 1990) and gilthead seabream (Zohar et al. 1990; Gothilf 
et al. 1997). In goldfish, two forms of GnRH, salmon GnRH (sGnRH) and 
chicken GnRH-II (cGnRH-II), have been characterized in the brain and 
pituitary (Yu et al, 1988). Both sGnRH and cGnRH-II stimulate LHp mRNA 
expression (Khakoo et al 1994) and LH secretion (Chang et al 1990) in the 
goldfish pituitary. 
Besides the stimulatory effects by GnRH mentioned above, GTH release 
in teleosts is also regulated by the well-known inhibitory neuroendocrine 
factor, DA (Chang et al. 1984; Peter et al. 1991; Melamed et al. 1996; 
Trudeau 1997). DA inhibits LH release at the pituitary level directly in the 
goldfish (Chang et al. 1984; Peter et al. 1986) and catfish (De Leeuw et al. 
1986). It has been demonstrated that DA reduces both spontaneous and 
GnRH-stimulated release of LH in vitro and in vivo (Chang and Peter 1983; 
Peter et al. 1986; Omeljaniuk et al. 1987). Therefore, DA and GnRH influence 
each other on GTH secretion (Omeljaniuk et al. 1987). 
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1.1.3.2 Endocrine regulators from the gonads (steroids) 
In vertebrates, gonadal steroids are key regulators of GTH synthesis and 
release, in addition to GnRH. Steroids may play a role in inducing the 
preovulatory surge of GTH in fish since high plasma level of testosterone 
before ovulation has been considered as an important physiological requisite 
for the occurrence of the preovulatory GTH surge in goldfish (Kobayashi et al 
1988，1989). Both negative and positive feedbacks of gonadal steroids on 
GTH secretion have been demonstrated in mammals and teleosts. 
In mammals, LH and FSH secretion, as well as the P subunit mRNA 
levels, increased rapidly in both female and male gonadectomized rats 
(Corbani et al. 1984; Gharib et al 1986; Papavasilious et al. 1986; Kitahara et 
al. 1991). The stimulatory effect of gonadectomy on the synthesis of a , LH-P 
and FSH-p precursors can be reversed by supplementation of E2 and T 
(Counis et al. 1983; Gharib et al. 1987), suggesting that gonadal steroids exert 
negative feedback on GTH synthesis and release. In teleosts, the negative 
feedback regulation of FSHp mRNA by steroids was demonstrated in early 
recmdescent and mature goldfish (Kobayashi et al. 2000). The presence of 
steroid receptors in the brain of teleosts (Linard et al. 1995) suggests that 
steroids exert negative feedback at the hypothalamic level. In classical 
gonadectomy and steroid replacement models, a rise in the plasma LH level 
has been observed in the goldfish (Kobayashi and Stacey 1990), rainbow trout 
(Billard et al. 1977; Van Putten et al. 1981)，common carp (Breton et al. 1975) 
and African catfish {Clarias gariepinus) (De Leeuw et al. 1987). Such an 
elevation of LH level is reversed by steroid replacement in catfish (De Leeuw 
et al 1986; De Leeuw et al 1989) and goldfish (Kobayashi and Stacey 1990). 
Moreover, the circulating FSH level is decreased by E2 implantation in the 
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immature rainbow trout (Saligaut et al. 1999). 
On the other hand, the positive feedback of gonadal steroids at the 
pituitary level has been demonstrated by increased FSH production and 
synthesis after steroid treatment in cultured rat pituitary cells (Miller and Wu 
1981; Gharib et al. 1990). As in mammals, gonadal steroids also have positive 
effects on GTH synthesis and release in fish. Experiments have shown that 
LHP mRNA level is stimulated by T and E2 in the goldfish (Huggard et al. 
1996; Habibi and Huggard 1998), rainbow trout (Trinh et al. 1986; Xiong et 
al. 1994b; Breton and Sambroni 1996), chinook salmon {Oncorhynchus 
tschawytscha) (Xiong et al. 1994b), eel (Querat et al. 1991), and tilapia 
(Melamed et al. 1997). In tilapia, FSHP mRNA level increases after T or E2 
treatment in immature and maturing fish but decreases in the spawning fish 
(Melamed et al. 1997; Melamed et al. 1998). In goldfish, GTH-a and LH 
P-subunit mRNA levels are stimulated by testosterone treatment in both 
sexually immature and mature fish but with different magnitude of stimulation 
(Habibi and Huggard 1998). Besides direct actions on GTH synthesis and 
release, gonadal steroids also increase pituitary sensitivity to GnRH peptide 
and enhance the GnRH-stimulated LH release in goldfish (Trudeau et al 1991; 
Trudeau et al. 1993; Lo and Chang 1998). Furthermore, sex steroids act 
indirectly on GTH through regulating GnRH synthesis and release in the 
hypothalamus. Evidence shows that both T and E2 increase GnRH release in 
rainbow trout (Breton and Sambroni 1996). 
Although numerous studies demonstrated both the negative and positive 
regulation of GTH by gonadal steroids, the exact mechanisms of the action are 
largely unknown and variations exist between species. In addition, T and E2 
appear to have negative feedback action on FSH but positive feedback action 
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on LH in goldfish (Sohn et al 2001), coho salmon (Dickey and Swanson 1998) 
and rainbow trout (Chyb et al. 1999). These results show that GTHs are 
differentially regulated by sex steroids and the regulation is complex. The 
regulation of GTH by steroids may occur at both the transcriptional and 
translational levels (Dickey and Swanson 1998). Exogenous steroid levels, 
interaction between steroids and other hormones and the reproductive status 
of the fish, all contribute to the regulation of GTH (Melamed et al 1997; 
Habibi and Huggard 1998; Melamed et al. 1998; Khan et al. 1999). 
1.1.3.3 Paracrine regulators from the pituitary ( a c t i v i n ) , 
The production and secretion of GTHs are influenced by a group of 
non-steroidal growth factors including inhibin, activin and follistatin, 
produced within the pituitary. The detailed structure and functions of these 
proteins will be discussed in section 1.2. 
l.lAPromoter analysis 
As mentioned above, GTHs are differentially regulated in different 
reproductive stages and have distinct functions. Some factors regulate GTH 
gene expression at the transcriptional leve. The transcriptional regulation of 
the a-subunit gene in gonadotrophs has been well investigated because GTHa 
polypeptide-producing cell lines, such as the murine cell line aT3- l , are 
available (Windle et al. 1990; Horn et al. 1992). Several cw-regulatory 
elements have been identified on the 5' flanking region of a-subunit gene (Fig. 
1-5). For example, a gonadotrope-specific element (GSE) is present in a 
subunit promoter region of most mammalian species examined to date (Horn 
et al 1992). Moreover, two cAMP response elements (CRE) in tandem 
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(Deutsch et al. 1987; Silver et al. 1987), a GATA element (Steger et al. 1994)， 
a trophoblast-specific element (Pittman et al. 1994) and a junctional 
regulatory element specific to the choriocarcinoma cell line BeWo (Andersen 
et al. 1990) are present in the human GTHa gene. In fish, several potential 
c/5-acting elements including GSE, CRE, activating protein-1 (AP-1), GnRH 
response element (GnRH-RE) and estrogen response element (ERE) have 
been revealed in the salmon GTHa subunit promoter region (Suzuki et al. 
1995). 
In contrast, the studies on the regulatory elements responsible for the 
expression of either LHp- or FSHp-subunit gene lag far behind, especially 
those in the FSHp-subunit gene. This is due partly to the low level of 
expression of p-subunit genes, which are noted for their restricted cell-type 
expression (Albanese et al. 1996; Melamed et al. 1998) (Fig. 1-6)，when 
compared to the a-subunit gene which is expressed in excess in two distinct 
pituitary cell types including gonadotrophs and thyrotrophs. Furthermore, the 
lack of a stable, GTH|3-producing cell line is a significant obstacle in 
exploring the transcriptional regulation of LHp and FSHp. 
In teleost fish, investigation using transfection of primary pituitary cell 
cultures and heterologous cell lines with the chinook salmon LHp gene 
suggests that the promoter targets gonadotrophs specifically and contains both 
positive and negative regulatory sequences (Xiong et al. 1994a). Also, 
gonadal steroids, E2 and T, stimulate chinook salmon LHp at the transcription 
level through the functional ERE on the LHp promoter (Xiong et al. 1994b; 
Liu et al. 1995). Transcription factors, steroidogenic factor-1 (SF-1) (Le 
Drean et al, 1996; Le Drean et al. 1997) and zebrafish homolog of fushi 
tarazu factor 1 (FTZ-Fl) (Liu et al. 1997), also bind to the GSE on the salmon 
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LHP promoter and SF-1 interacts synergistically with estradiol receptor to 
confer a cell type-specific expression of LHP subunit gene (Le Drean et al. 
1996). Multiple DNA elements including those responsive to protein kinase C 
(PKC) -dependent and -independent signal transduction pathways are 
involved in the stimulation of salmon LHp gene by GnRH (Ando et al. 1999). 
Information on the transcriptional regulation of FSHp subunit gene is even 
more limited owing to the absence of a pituitary cell line expressing FSHP 
subunit. In teleosts, the regulatory region of FSHP gene has not been 
characterized until Sohn and his colleagues analyzed the structure and 
expression of FSHp subunit genes in goldfish (Sohn et al. .1998). Similarly, 
DNA regulatory elements such as GSE, GnRH-RE, and half steroid hormone 
responsive elements are located on the gfFSHp promoter as in mammals 
(Sohn et al 1998). Recently, promoter proximal elements, like CAAT and 
TATA box, and some cz5-acting motifs including GSE, AP-1, CRE and 1/2 
ERE are identified on the 5'flanking region of tilapia FSHp gene using 
primary culture of tilapia pituitary cells (Rosenfeld et al. 2001). 
Recently, a mouse pituitary cell line, LpT2 (Fig. 1-7)，was isolated by 
targeted tumorigenesis in transgenic mice (Aland et al. 1996)，and it has the 
characteristics of a mature gonadotrope, including the expression of GnRH 
receptor, steroidogenic factor 1, estrogen and progesterone receptors (Turgeon 
et al. 1996) and both the a - and P-subunits of LH (Aland et al. 1996). LPT2 
cells also express FSH when induced by activin (Graham et al 1999). 
Therefore, this LpT2 cell line is a very useful tool for promoter analysis of 
both LHp and FSHp genes. By making use of LpT2 cells, equine 
LHP-subunit promoter has been shown to contain two functional SF-1 
response elements (Wolfe 1999). For the GnRH stimulation of LHp promoter, 
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synergistic interactions between early growth response 1 (Egr-l), SF-1 (Dom 
et al. 1999) and c-Jun NH2-temiinal protein kinase (Yokoi et al. 2000) are 
essential. On the other hand, the promoter of oFSHp subunit gene is 
specifically active in LpT2 cells than in other pituitary or nonpituitary cell 
lines (Pemasetti et al. 2001) and has been stimulated by both activin and 
GnRH (Pemasetti et al. 2001). 
1.2 Activin Family of Growth Factors 
1.2.1 Activin 
1.2.1.1 Structure , 
Activin and inhibin structurally belong to the transforming growth 
factor-p (TGF-P) superfamily of growth factors, which also includes TGF-Ps, 
bone morphogenetic proteins (BMPs) and Mullerian inhibiting substances 
(MIS). Activin and inhibin are distinct but closely related dimeric 
glycoproteins since they share the same p-subunit. Inhibin, a well-known 
FSH-inhibiting protein, consists of an a - and a P-subunit linked by a disulfide 
bond forming inhibin A (OCPA) and inhibin B (aPe) (Ling et al. 1985; 
Miyamoto et al 1985; Rivier et al 1985; Robertson et al. 1985). It has been 
identified in a number of mammalian species (Ling et al. 1985; Rivier et al, 
1985; Robertson et al. 1985; Vale et al. 1988) but not in fish. Activin was 
firstly purified from the porcine ovarian follicular fluid as a FSH-releasing 
protein (Ling et al. 1986b; Vale et al. 1986). They are homo- or heterodimeric 
proteins consisting of two p-subunits linked by a disulfide bond resulting in 
the formation of different forms of activin dimeric protein. Up to date, five 
activin p-subunits have been reported including PA and PB subunits in 
mammals (Mason et al. 1985; Ling et al 1986a; Vale et al. 1986; Mason et al. 
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1989) and teleosts (Ge et al. 1993a; Ge et al. 1993b; Ge and Peter 1994; Ge et 
al. 1997; Yam et al. 1999b). Other p-subunits that have been cloned and 
characterized include Pc in human (Hotten et al. 1995) and mouse (Schmitt et 
al. 1996; Fang et al, 1997), po in Xenopus (Oda et al. 1995), and Pe in mouse 
(Fang et al. 1996). However, only native proteins formed from Pa and 
pB-subunits, that is, activin A (PAPA)，activin AB (PAPB) and activin B (PBPB)， 
have been demonstrated (Ling et al. 1986a; Ling et al. 1986b; Vale et al 1986; 
Ying 1988; Nakamura et al. 1992) but not the other P-subunits (Fig. 1-8). 
1.2.1.2 Function , 
Inhibin has widespread tissue distribution (Mather et al. 1992; Mather et 
al. 1997) and has been demonstrated to be a significant paracrine/autocrine 
factor (Mather et al. 1997) in pituitary (Mather et al. 1992), ovary (Woodruff 
and Mather 1995) and testis (Mather et al. 1992) in mammals. Although it is 
well documented that FSH secretion is inhibited by inhibin in mammals, 
limited information is available in fish. The inhibitory effect of inhibin on 
FSH release has only been demonstrated in rainbow trout (Chyb et al. 1999) 
and tilapia (Yaron et al. 2001) recently. 
Activin also has widespread tissue distribution (Meunier et al. 1988)， 
including brain, pituitary, gonads, uterus, placenta, liver and spleen, and has 
been demonstrated to have diverse biological activities (Mather et al. 1997; 
Woodruff 1998) including the regulation of hypothalamo-pituitary-gonadal 
(HPG) axis. Activin functions mainly as a paracrine and autocrine factor in 
local tissues (Chen 1993). In the pituitary, activin functions as a local 
autocrine/paracrine factor to regulate FSH production and secretion (Corrigan 
et al. 1991; Weiss et al. 1992), as well as GnRH receptor expression 
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(Fernandez-Vazquez et al. 1996; Duval et al. 1999) and growth hormone (GH) 
production (Bilezikjian et al. 1990) and release (Ge and Peter 1994). The 
stimulatory effect of activin on the release of FSH has been demonstrated in 
vivo (Rivier and Vale 1991; Wilson and Handa 1998)，in peri fused (Weiss et al. 
1993) and cultured (Miyamoto et al. 1999) rat pituitary cells and ovine 
pituitary cells (Muttukrishna and Knight 1991). Activin increases both the 
amount of FSH secretion per cell and the number of FSH-secreting cells 
(Miyamoto et al 1999). Activin has been shown to stimulate FSHp mRNA 
expression by transcriptional activation (Weiss et al. 1995) and increasing the 
stability of FSHp mRNA at the post-transcriptional level (Carroll et al 1991). 
Activin may be an important factor in FSH responses to pulsatile GnRH 
(Weiss et al 1993; Dalkin et al. 1999) and E2 (Baratta et al 2001). In the 
goldfish, activin has been demonstrated to stimulate FSHp expression but 
suppress LH(3 expression (Yam et al 1999a). 
In the gonads, activin promotes steroidogenesis (Hsueh et al. 1987; 
Sawetawan et al. 1996; Ni et al. 2000; de Kretser et al. 2001) and 
gametogenesis in both mammals (Hsueh et al. 1987; Mather et al. 1990; 
Mather et al. 1992; Findlay 1993; Sadatsuki et al. 1993; Lejeune et al 1997; 
de Kretser et al. 2001) and fish (Pang and Ge 1999; Wu et al. 2000). Other 
biological functions of activin involve stimulation of GnRH production 
(Gonzalez-Manchon et al. 1991) and oxytocin release (Sawchenko et al. 1988) 
in the central nervous system, regulation of human cytotrophoblast cell 
differentiation (Caniggia et al. 1997) and modulation of the release of various 
hormones in the placenta (Qu and Thomas 1995), erythroid differentiation 
(Eto et al 1987; Yu et al. 1987) and induction of mesoderm formation and 
axis formation during embryonic development (Smith et al. 1990; van den 
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Eijnden-Van Raaij et al. 1990; Wittbrodt and Rosa 1994). 
1.2.1.3 Signaling 
Activin exerts its actions through binding to its specific receptors on the 
cell surface. Two protein components have been identified on the cell 
membrane that bind activin specifically, namely activin type I (ActR-I) and 
type II (ActR-II) receptors (Hino et al. 1989; Mathews 1994). Different 
subtypes of activin type-I (ActR-IA, ActR-IB) and type-II receptors (ActR-IIA 
and ActR-IIB) have been revealed in a number of species (Mathews and Vale 
1991; Attisano et al. 1992; Kondo et al. 1996). All the members of activin 
receptors are transmembrane kinases with a single cross-membrane domain 
and a large intracellular domain with serine/threonine kinase activity 
(Mathews and Vale 1991; Attisano et al. 1992; Massague 1992). In order to 
initiate a response, activin firstly binds to a type II receptor to form a 
ligand-receptor complex. Then, a type I receptor is rapidly recruited by this 
complex and phosphorylated followed by activation of the signal transduction 
pathway (Attisano et al. 1993; Mathews and Vale 1993; Willis et al. 1996). In 
mammals, Smad family of proteins has been identified as the intracellular 
mediators of activin signals (Massague 1996; Heldin et al. 1997). Smad 
proteins can be categorized into three subclasses: the pathway-specific Smads 
including Smad 1, 2, 3, 5 and 8; the common-partner Smad such as Smad 4; 
and the inhibitory Smads like Smad 6 and 7. Smad 2 and 3 have been 
demonstrated to transduce activin or TGF-P signals (Chen et al. 1996a; Chen 
et al 1996b; Lebrun et al. 1999). The phosphorylated type I receptor triggers 
the phosphorylation of Smad 2 or Smad 3, which is then associated with the 
common partner Smad 4 (Lebrun et al. 1999). This multiprotein complex is 
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then phosphorylated and translocated into the nucleus, where it interacts with 
the novel transcription factor FAST-1 (forkhead activin signal transducer-1) 
forming the activin responsive factor (ARF) (Chen et al. 1996a; Chen et al. 
1997; Yeo et al. 1999), which binds to an enhancer, activin responsive element 
(ARE), to confer activin regulation of target gene transcription (Yeo et al. 
1999; Germain et al. 2000). Smad 6 and 7 are inhibitory Smad proteins which 
have been shown to suppress activin and TGF-p receptor signaling (Hayashi 
et al. 1997; Imamura et al. 1997; Nakao et al. 1997; Lebrun et al. 1999; 
Bilezikjian et al. 2001) (Fig. 1-9). 
1.2.2 Follistatin 
1.2.2.1 Structure 
A protein with unique structure and FSH-inhibiting action similar to 
inhibin was identified independently in bovine (Robertson et al. 1987) and 
porcine (Ueno et al. 1987) ovarian follicular fluids and named 
FSH-suppressing protein and follistatin respectively. Follistatin (FS) is a 
glycosylated single-chain protein with at least three isoforms of 31-39 kDa 
(Robertson et al. 1987; Ueno et al. 1987). Three major mature forms of FS, 
FS288 (288 amino acids), FS300 and FS315 (Esch et al. 1987; Shimasaki et al 
1988a), are derived from the preproteins by alternative splicing (Shimasaki et 
al. 1988b), post-translational proteolytic cleavage and variable glycosylation 
(Inouye et al 1991). The deduced amino acid sequence of FS is highly 
homologous (more than 97%) among human, rat, sheep and pig (Tisdall et al. 
1992). 
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1.2.2.2 Function 
FS exerts its biological activities mainly through its nearly irreversible 
binding of activin with high affinity (Nakamura et al. 1990; Kogawa et al. 
1991; Shimonaka et al. 1991; Schneyer et al. 1994) resulting in inhibition of 
activin in diverse tissues. Additionally, FS has a heparin-binding domain 
(Inouye et al. 1992) which associates with cell-surface heparin-sulphated 
proteoglycans, leading to an increase in its suppression of activin bioactivity 
(Inouye et al. 1991; Sugino et al, 1993) and endocytotic degradation of activin 
(Hashimoto et al. 1997). FS is widely distributed and expressed in different 
tissues like pituitary, gonads, liver, pancreas and bone, indicating that FS acts 
as a local regulator presumably by fine-tuning the activity of activin (DePaolo 
et al 1991a; Michel et al. 1993; de Kretser and Phillips 1998). In the pituitary, 
FS down-regulates the basal and activin-stimulated FSH synthesis and 
secretion in vitro and in vivo (Carroll et al. 1989; DePaolo et al. 1991b; 
Kogawa et al. 1991). In other tissues such as the cultured granulosa cells from 
rats, the enhancing effects of activin on FSH-induced aromatase activity, 
progesterone and inhibin production can be neutralized by FS (Xiao and 
Findlay 1991). Similarly, the activities of activin are reversed by FS in 
osteoblasts (Hashimoto et al. 1992) and erythroid cells (Krummen et al. 1993). 
Locally, inhibin, activin and follistatin together form an important regulatory 
system in many tissues to control specific tissue functions in an autocrine or 
paracrine manner (DePaolo et al. 1991a; Besecke et al. 1996; Mather et al. 
1997; Ge 2000). 
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1.3 Objectives of the Present Study 
During the past decades, the functions and regulation of GTHs have been 
investigated extensively in both mammals and teleosts. However, the 
regulation of FSHp at the transcritional level is still poorly understood when 
compared with those of a-subunit and LHp subunit. This is largely due to the 
lack of a differentiated FSHp-expressing cell line. Studies using primary 
cultures, heterologous cell lines and transgenic models are either 
time-consuming or inefficient in analyzing the regulation of FSHp expression. 
Recently, a mouse pituitary cell line, LPT2, has been isolated by targeted 
tumorigenesis in transgenic mice (Aland et al 1996)，and it has the 
characteristics of differentiated gonadotrophs, including the expression of 
GnRH receptor, SF-1, estrogen and progesterone receptors (Turgeon et al. 
1996), both a- and P-subunits of LH (Aland et al. 1996) and P-subunit of 
FSH (Pemasetti et al. 2001). 
In the present study, a stable LpT2 cell line containing and expressing the 
reporter gene (secreted form of human placental alkaline phosphatase, SEAP) 
driven by the gfFSHp promoter was established (Chapter 2). Such a cell line 
provides us a convenient, reliable and efficient tool to study the hormonal 
regulation of gfFSHp gene at the transcriptional level (Chapter 3) because it 
eliminates the variation arising from transient transfections. This will pave the 
way for screening the potential regulators of gfFSHp sysnthesis, which will 
enhance our knowledge of GTH regulation in lower vertebrates. 
Activin is a well-known stimulator of FSH expression and secretion in 
mammals. In fish, evidence from our laboratory shows that GTHs are 
differentially regulated by activin, which stimulates FSHp but inhibits LHp 
mRNA expression in the goldfish (Yam et al. 1999a). Although activin 
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Stimulation of FSH expression is well conserved across vertebrates, its 
mechanism of action remains unknown. The present project aimed at 
identifying the activin responsive element (ARE) in the gfFSHp promoter by 
transient transfection of LPT2 cells (Chapter 4). Investigation of ARE in the 
FSHP promoter will definitely provide invaluable information on the 
mechanisms and mediators involved in the activin signaling pathway. 
Throughout the study, goldfish has been used as the animal model because 
of the following advantages of this species. First of all, goldfish, belonging to 
the Family Cyprinidae, is one of the best-studied models in the regulation of 
GTHs and fish reproduction, and therefore provides elaborate background 
information for this study. Second, both recombinant goldfish activin A and B 
are available in our laboratory, providing unlimited supply of the materials 
and solving the problem of specificity and efficacy arising from using 
heterologous mammalian activins. Third, a better understanding of GTH 
regulation in goldfish will ultimately be beneficial to manipulating the 
reproduction of this fish family of high aquacultural value. 
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Fig. 1-1 Structure of glycoprotein hormones (Redrawn from Albanese et al., 
1996) 
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Fig. 1-2 Structure of teleost gonadotropins 
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Fig. 1-3 Seasonal profiles of the plasma FSH and LH level in the coho 
salmon (Redrawn from Swanson, 1991) 
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Fig. 1-5 A schematic diagram showing the presence of responsive elements 
including the activin responsive element (ARE) on the promoter 
region of a target gene 
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Fig. 1-6 Localization of (a) GH, (b) LHp and (c) FSHp mRNAs in the 
pituitary of goldfish {Carassius auratus) (Flora Pang, personal 
communication) 
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Establishment and Characterization of a Stable LPT2 Cell Line 
Containing and Expressing SEAP Driven by the Goldfish 
Follicle-Stimulating Hormone p (FSHp) Promoter 
2.1 Introduction 
In mammals, gonadotropins (GTHs) produced from the pituitary, 
follicle-stimulating hormone (FSH) and luteinizing hormone (LH), have been 
extensively investigated. They play significant roles in regulating different 
stages of reproductive cycle such as gametogenesis, steroidogenesis and 
ovulation. Similarly, the duality of GTH (Suzuki et al. 1988b; Swanson et al 
1991; van der Kraak et al. 1992) has been demonstrated in different species of 
fish and GTHs in fish also have distinct functions. FSH is responsible for 
early reproductive events like steroidogenesis (Suzuki et al. 1988b) and 
vitellogenesis (Tyler et al. 1991) while LH induces final gamete maturation, 
ovulation and spermiation (Swanson et al 1991; Prat et al. 1996). The 
synthesis and release of GTHs are regulated by three main factors, 
hypothalamic regulators (GnRH and DA), steroidal regulators from the 
gonads (E2 and T) and non-steroidal regulators from the pituitary (activin 
family of growth factors). 
In fish, FSH and LH are differentially regulated as in mammals, and 
activin family of growth factors may play a significant role in the differential 
regulation. Activin is a dimeric protein (PAPA，PAPB and PBPB) belonging to 
the transforming growth factor-P (TGF-P) superfamily. Activin has been 
shown to stimulate FSHp mRNA expression by transcriptional activation 
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Expressing SEAP Driven by the gfFSHp Promoter 
(Weiss et al. 1995) and increasing the stability of FSHp mRNA at the 
post-transcriptional level (Carroll et al. 1991). Activin is also important in 
modulating FSH response to pulsatile GnRH (Weiss et al. 1993; Dalkin et al 
1999) and E2 (Baratta et al. 2001). In fish, our recent studies showed that 
recombinant goldfish activin B stimulated FSHp but inhibited LHp expression 
in the goldfish (Yam et al 1999a). 
However, the progress on the studies of the differential regulation of 
GTHs in fish is hindered by the lack of specific and sensitive 
radioimmunoassays (RIAs) for FSH. Even though some RIAs for FSH have 
been developed in salmon (Suzuki et al. 1988a; Prat et al. 1996) and rainbow 
trout (Govoroun et al. 1998; Santos et al. 2001) recently, they are not sensitive 
enough. Moreover, in the goldfish, 90% of the total RNA extracted from the 
pituitary has to be used for detecting FSHp mRNA in our slot blot 
hybridization experiments. This is because the number of cells expressing 
FSH is much lower than that of LH in the goldfish pituitary as shown from 
unpublished results of in situ hybridization in our laboratory (Fig. 1-6). This 
results in a particularly low expression level of gfFSHp in the pituitary, 
making the study on its regulation very difficult. 
Therefore, LpT2 cells, a recently developed mouse pituitary cell line 
isolated by targeted tumorigenesis in transgenic mice (Aland et al. 1996), 
were used in the present study to generate a stable cell line that contain and 
express gfFSHp promoter. LPT2 cells were reported to be a mature 
gonadotroph cell line expressing both a - and P-subunits of LH (Aland et al. 
1996) and FSH (Pemasetti et al 2001). The established stable LPT2 cell line 
containing and expressing SEAP driven by the gfFSHp promoter will provide 
an efficient and reliable tool to investigate the regulation of FSHp expression 
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at the transcriptional level and screen the potential regulators of gfFSHp 
expression. 
2.2 Materials and Methods 
All chemicals were obtained from Sigma (St.Louis, MO) and enzymes 
from Promega (Madison, WI) unless otherwise specified. The full-length 
gfFSHp subunit gene and its promoter (in Lambda EMBL 3) were provided 
by Prof. Makito Kobayashi (University of Tokyo, Japan). SEAP reporter 
plasmid (pSEAP2-Enhancer) was purchased from Clontech (Palo Alto, 
California). LPT2 cells were provided by Prof. Pamela Mellon (University of 
California, San Diego). 
2.2.1 Construction of expression plasmid 
Since about 1.4 kb of the 5'-flanking region of gfFSHp gene was reported 
(Sohn et al. 1998)，a primer FSHP-GS3 (5ATTAATGCCTTGACCGTT-3') 
was designed and used to sequence further upstream to obtain longer sequence 
information. Afterwards, primers FSHP-GS4 (5'-
CCGCTCMG-ATGACTGAGCAGCAGTGAGAGG -3，）and FSHP-GS5 
(5，- GGAATTC-GTTTCGCTGAGACAAAATCCTT -3’)，containing the 
Xhol and ^coRI restriction cutting sites respectively, were used to amplify the 
1.75 kb 5'-flanking region as the potential promoter of gfFSHp gene (Fig. 
2-1)，using gfFSHp gene in Lambda EMBL 3 as the template. Hot-start PGR 
was performed on the Eppendorf Thermocycler (Eppendorf, Hamburg, 
Germany) in IX P/w buffer, 0.2 mM dNTPs, 0.12 mM each primer and 3U ？fu 
DNA polymerase in a final volume of 50 The PGR profile included an 
initial denaturation at 94 °C for 1 min, followed by 29 cycles at 94 for 45 
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sec, 53X for 45 sec and 72 ^C for 6 min, and a final extension of 10 min at 72 
The PGR product was digested with Xhol and £coRI before examining by 
electrophoresis in 1% agarose gel. The desired bands were excised, purified 
with ethanol precipitation and subcloned into the respective sites of the 
reporter vector pSEAP2-Enhancer to generate the construct pSEAP/gfFSHp 
promoter (Fig. 2-2). 
2.2.2 Cell Culture 
LPT2 cells, a mouse pituitary cell line, were cultured at 37 with 5% 
CO2 in DMEM medium (Gibco BRL, Gaithersburg, MD) with 10% fetal 
bovine serum (Hyclone Laboratories, Logan, UT). 
2.2.3 Cotransfection of LPT2 cells 
Twenty-four hours before cotransfection, confluent LPT2 cells were 
subjected to a 1:4 subculture in 10 ml of the culture medium in 100 mm tissue 
culture plates. Then, the cells were cotransfected with the constructs 
pSEAP/gfFSHp promoter and pBK-CMV (Stratagene, California, USA) using 
FuGENE 6 transfection reagent (Roche, Mannheim, Germany) (Fig. 2-3). 
pBK-CMV plasmid contains a neomycin resistant gene, which allows for 
G418 selection. Firstly, 25 i^l of FuGENE 6 transfection reagent was diluted 
with 475 1^1 serum-free medium and incubated at room temperature for 5 min. 
Diluted FuGENE 6 reagent was added dropwise to the microtube containing 
15 fig of each plasmid in 5 [il The mixture was mixed well by pipetting and 
tapping the microtube for a few times, incubated at room temperature for 15 
min, and added dropwise to the cells. The transfected cells were incubated for 
72 hours before selection. 
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2.2.4 G418 selection of transfected LpT2 cells 
Confluent transfected cells were subcultured at 1:5 dilution in 
non-selective medium for 72 hours before the cells were cultured in selective 
medium with the optimal G418 concentration. To determine the optimal G418 
concentration, confluent LpT2 cells were subcultured in two 6-well plates in 2 
ml with about 6 X 10^ cells/well plating cell density in the presence of 
different concentrations (0-800 ]ig/m\ active) of G418 sulphate (Gibco BRL). 
The minimal concentration that kills all the cells was regarded optimal and 
used for selection. 
2.2.5 SEAP reporter gen e assay 
The secreted human placental alkaline phosphatase (SEAP) reporter gene 
assay (Roche) is a chemiluminescent assay for the quantitative determination 
of SEAP activity in the culture medium of transfected cells. It was used to 
investigate the activity of FSHp promoter in transfected LpT2 cells. The 
SEAP gene product was secreted from the transfected LPT2 cells and was 
detected in the culture medium. 
When the transfected LpT2 cells become 70% confluent, two hundred 
microlitres medium was collected from each well. After centrifuging the 
sampled medium to pellet cell debris, 20 [l\ of the culture supernatant was 
collected from each sample and then diluted in a microfuge tube at 1:4 with 
Dilution Buffer. After incubation in a water bath for 45 min at 65°C, the 
diluted samples were centrifuged for 30 sec at room temperature at full speed 
before transferring to ice bath. Fifty microlitres of the heat-inactivated diluted 
samples were transferred to a White Combiplate 8, Radius Egde, Polystyrene 
microtiter plate (Labsystems, Helsinki, Finland) followed by addition of 50 |il 
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of Inactivation Buffer. After a 5 min incubation period at room temperature, 
fifty microlitres of Substrate Reagent (45 fal Substrate Buffer + 5 |al CSPD) 
were added. The mixture was incubated for 10 min at room temperature with 
gentle rocking and the light emission was visualized, quantified and analyzed 
with Lumi-Imager™ (Roche) (Fig. 2-3). 
2.2.6 Cloning of pSEAP/gfFSHp promoter and pBK-CMV-cotransfected 
LpT2 cells by limited dilution 
pSEAP/gfFSH(3 promoter and pBK-CMV-cotransfected LPT2 cells were 
subcultured in two 24-well plates and the medium was collected for SEAP 
assay when the cells became 70% confluent in the selective medium. The 
wells with the highest SEAP activity were subcultured in a 48-well plate and 
the above procedures were repeated. Individual clones were finally obtained 
from the positive wells by limited dilution in 96-well plates (Fig. 2-4). 
2.2.7 Extraction of genomic DNA 
Transfected and non-transfected LPT2 cells were washed with PBS (137 
mM NaCl, 2.7 mM KCl, 1 mM Na2HP04, 1.8 mM K H 2 P O 4 , pH 7.4) and 
resuspended in the digestion buffer (100 mM NaCl, 10 mM Tris-HCl, pH 8.0, 
25 mM EDTA, pH 8.0, 0.5 % SDS and 0.1 mg/ml proteinase K freshly added 
before use). After incubation at 50°C with rotation for 16 hours, the genomic 
DNA was extracted with equal amount of phenol/chloroform. The aqueous 
layer was separated from the organic layer by centrifUgation at 1700 xg for 10 
min, and transferred to a fresh microtube followed by ethanol precipitation. 
One third volume 10 M ammonium acetate and 2 volume 100 % EtOH were 
added to the microtube and then incubated at -20°C for a few hours. Then the 
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pellets of genomic DNA were recovered by centrifuging at 1700 xg at 4 °C for 
20 min. After washing by 70% EtOH and drying in the air, the DNA pellets 
were dissolved in TE. 
2.2.8 Isolation of total RNA 
Total RNA was isolated from the transfected and non-transfected LPT2 
cells using TRI Reagent (Molecular Research Centre, Inc, Cincinnati, OH) 
according to the manufacturer's protocol. 
2.2.9 Reverse transcription-polymerase chain reaction (RT-PCR) 
To avoid genomic DNA contamination, total RNA was treated with 
RNase-free DNase I (Roche) before RT-PCR. Ten micrograms of total RNA 
was digested with 1 U DNase I in a 20 [i\ reaction with 3 |il MgCh at 37°C 
for 20 min followed by incubation at 80°C for 10 min. Two micrograms of 
total RNA was reverse-transcribed using 100 U SuperScript II reverse 
transcriptase (Gibco BRL) in a 10 |il reaction with 0.5 mM dNTPs, 0.5 
oligo-dT and 10 mM DTT in IX Strand Buffer at 42°C for 2 hours. Then, 
PGR was performed with 1 |il of the RT reaction in the presence of 0.2 mM 
dNTPs, 0.2 mM MgCh, 0.2 i^M 5' primer, 0.2 ^iM 3，primer, IX PGR buffer 
and 0.75 U Taq in the Eppendorf Thermocycler (Eppendorf, Hamburg, 
Germany). Primers for the SEAP reporter gene (5' primer: SEAP3: 
5 ‘ -TGCTGCTGCTGCTGCTGGGC-3 ‘ ； 3’ primer: SEAP2: 
5，-CCTCGGCTGCCTCGCGGTTCC-3，) were designed according to the 
plasmid sequence from the protocol. The PCR profile included an initial 
denaturation at 94 for 4 min, followed by 23 cycles at 94 °C for 30 sec, 67 
for 30 sec and 72 °C for 1 min, and a final extension at 72 X for 10 min. 
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A negative control with total RNA without RT as template was included for 
each PCR to ensure only RT products were amplified. 
2.3 Results 
2.3.1 Optimization of G418 concentration for selection 
G418 allowes selection of stable clones that have the plasmid 
pBK-CMV integrated into the genome and express the neomycin resistant 
gene (Neo*^). In order to have effective selection for maximal number of stable 
clones carrying the Neo*^ gene, the G418 concentration has to be optimized. 
This is because transient clones may be selected if G418 concentration is too 
low; and the clones that express low level of Neo*^ but high level of promoter 
activity may be lost if G418 concentration is too high. To determine the 
optimal G418 concentration, confluent LpT2 cells were subcultured in two 
6-well plates at the density of about 6 x 10^ cells/well in the presence of 
different G418 concentrations (0-800 |ag/ml active). The minimal 
concentration that kills all the cells was chosen for selection. 
From Fig. 2-5, the number of LPT2 cells in cultures containing 50-100 
)j,g/ml G418 were similar to that of the control showing that these low 
concentrations had no effect on the cells. However, the signs of cell death 
were evident when the G418 concentration was increased to 200 |ig/ml, and 
the number of cells was significantly reduced when compared to the control. 
As the G418 concentration increased from 200 to 800 i^g/ml, the number of 
cells decreased dose-dependently. At the concentration of 500 jig/ml, most 
cells were dead and only a few small and unhealthy colonies were observed. 
When the concentration increased further to 600, 700 and 800 |j.g/ml, only a 
few isolated and unhealthy cells but no colonies were observed. As a result, 
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600 |j,g/ml was used as the optimal concentration for the selection of stable 
transfected clones since it was the minimal G418 concentration that could kill 
all the LPT2 cells without any transfection. 
2.3.2 Expression of SEAP reporter gene by pSEAP/gfFSHp promoter and 
pBK-CMV transfected L^T2 cells 
The functional identity of the gfFSHp promoter clone was confirmed 
using the SEAP assay after subcloning gfFSHp promoter into the reporter 
vector pSEAP2-Enhancer and cotransfection of pSEAP/gfFSHp promoter and 
pBK-CMV into the LPT2 cells. The SEAP activity of the cotransfected LpT2 
cells increased dramatically while nearly no activity was detected from the 
cells without transfection (Fig. 2-6). 
2.3.3 Establishment of Lj3T2 cell lines that contain a functional gfFSHp 
promoter 
The cotransfected LPT2 cells which survived in G418 selection were 
subjected to limited dilution to isolate individual clones that express SEAP 
activity (Fig. 2-4). Firstly, the transfected cells in the 100 mm plate were 
subcultured into two 24-well plates at a density of 5 x 10^ cells/well. After the 
first round of dilution, four wells with high levels of SEAP activity (labeled as 
1-4) were chosen. As it has been reported that recombinant goldfish activin B 
(rgfActB) stimulates FSHp but inhibits LHp expression in goldfish (Yam et al. 
1999a), each of these well were then subcultured into another five wells of a 
24-well plate to test whether the transfected cells responded to activin. All the 
four wells treated with rgfActB (4.5 U/ml) showed higher levels of SEAP 
activity. Therefore, cells in well 3 were diluted in a 48-well plate followed by 
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another dilution into a 96-well plate at a density of about 200 cells/well. SEAP 
assay of the 96-well plate revealed a well (hi) showing the highest level of 
SEAP activity. The cells from hi were then subcultured into another 96-well 
plate at a density of 1-3 cells/well. Single cells were allowed to grow into 
single colonies and expanded by subculturing. Media from these single 
colonies were collected for SEAP assay when the culture reached confluency. 
One clone, namely LpT2#23，was found to have three-fold increase in the 
SEAP activity compared with that of the control (Fig. 2-7). Moreover, the 
SEAP activity of LpT2#23 was stimulated after the addition of rgfActB (Fig. 
2-8), indicating that the gfFSHp promoter transfected into this clone was 
functional. 
2.3.4 Characterization of LpT2#23 that contains a functional gfFSHp 
promoter" 
In order to confirm the presence of gfFSHp promoter and the reporter 
gene into the genome of LpT2#23，genomic DNA from LpT2#23 cells was 
extracted. It was used as the template for PCR amplification for a small part of 
the 5' region of the SEAP ORF 100 bp) using the primers SEAP2 
(5'-CCTCGGCTGCCTCGCGGTTCC-3') and SEAP3 
(5'-TGCTGCTGCTGCTGCTGGGC-3'). As shown in Fig. 2-9, a fragment of 
100 bp was amplified from both the genomic DNA of LPT2#23 cells and the 
positive control using the plasmid pSEAP2-Enhancer as the template but not 
from the LpT2 cells without transfection (Fig. 2-9). 
On the other hand, to confirm the expression of SEAP reporter gene in 
the LpT2#23 cells, RT-PCR assay was used to examine the expression of 
SEAP mRNA using the primers (SEAP2 and SEAP3) specific for the same 
38 
Chapter 2 Establishment and Characterization of Stable 1(372 Cell Lines Containing and 
Expressing SEAP Driven by the g f F S H / 3 Promoter 
region of the SEAP ORF as described above. The mRNA of SEAP reporter 
gene was detected in the LpT2#23 cells either with or without the treatment of 
rgfActB (Fig. 2-10). No visible product was observed in the negative control. 
RT-PCR was also performed on LPT2 cells without transfection, and no 
transcript of SEAP reporter was detected (Fig. 2-10). 
2.4 Discussion 
The present study was conducted not only to confirm the functional 
identity of the gfFSHp promoter but also to establish a stable LPT2 cell line 
expressing SEAP driven by the gfFSHp promoter. About 1.75 kb of the 
5'-flanking region of gfFSHp gene was subcloned into a reporter vector, 
pSEAP2-Enhancer, and cotransfected with pBK-CMV into LPT2 cells. 
Promoter activity was measured as the level of SEAP in the cultured medium. 
The SEAP reporter system was chosen for this project since it provides a 
highly sensitive, simple and inexpensive assay with low background. The use 
of SEAP as a powerful quantitative indicator of gene expression in eukaryotic 
cells was first demonstrated by Berger and his colleagues in 1988 (Berger et al. 
1988). This method has been used for promoter analysis and screening 
potential regulators of a target gene including hepatitis C virus protease gene 
(Cho et al. 1998), human low density lipoprotein receptor gene (Bakker et al. 
1998) and G-protein-coupled receptors gene (Durocher et al. 2000). Moreover, 
SEAP has been used as a surrogate marker to monitor in vivo tumor growth 
and anticancer drug efficacy (Bao et al. 2000), as well as an indicator for the 
activation of signaling pathways in cancer cells (Grundker et al. 2000; 
Grundker et al. 2001). SEAP can be readily and accurately quantified within 
the media of transfected cultures without killing the cells. This is unlike other 
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common reporter genes, such as P-galactosidase (An et al. 1982), 
galactokinase (Shumperli et al. 1982), thymidine kinase (Searle et al. 1985), 
luciferase (Emerson and Humphreys 1971) and Escherichia coli CAT enzyme, 
which are not secreted enzymes and thus require a cumbersome assay 
involving lysis of cells. Because of this, SEAP is a reporter suitable for time 
course study of gene expression. 
The present study confirmed that rgfActB stimulates gfFSHp expression 
as demonstrated in a previous study (Yam et al. 1999a), and provided direct 
evidence that the regulation is at the transcriptional level. Additionally, the 
establishment of LpT2#23 cells allows further studies on, the regulation of 
FSHP transcription at the promoter level. 
The significant increase in SEAP activity after transfection of LpT2 cells 
indicates that LPT2 cells are able to express the gfFSHp promoter. This 
promoter is present in the genome of LpT2#23 cells since the presence of 
SEAP reporter gene in the genomic DNA of LpT2#23 has been confirmed by 
PGR. Detection of SEAP mRNA in LpT2#23 cells and the increase in SEAP 
activity after addition of activin show that the gfFSHp promoter is functional 
and responds to activin as expected. It should be noted that most 
G418-selected LpT2 clones produced no SEAP activity with or without 
activin treatment. One possibility is that only pBK-CMV was introduced into 
the LPT2 cells of these clones. Another reason may be the disruption of the 
SEAP reporter gene or the promoter during integration into the genome. 
To perform detailed analysis of gfFSHp promoter, pSEAP/gfFSHp 
promoter was transfected into LPT2 cells for establishing a stable cell line 
(LPT2#23) expressing SEAP driven by the gfFSHp promoter. Stable cell lines 
rather than transient transfection were used because this can eliminate the 
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problems of low transfection efficiency and of inter- and intra-experimental 
transfection variations by using a homogeneous cell line. At the same time, 
the magnitude of response can be increased as all the cells contain the gfFSHp 
promoter while primary pituitary cultures is heterogeneous containing only 
5-10% of gonadotrophs. Furthermore, when compared with the 
time-consuming preparation of the primary pituitary cell cultures, handling 
LpT2#23 is easy and convenient. 
In summary, the present study has established a stable LPT2 cell line 
containing and expressing SEAP driven by the gfFSHp promoter (LpT2#23). 
This allows further studies on screening and analyzing the potential DNA 
regulatory elements of gfFSHp gene efficiently and reliably. 
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Fig. 2-1 Strategy for subcloning gfFSHp promoter, (a) A primer FSHP-GS3, 
which was designed according to the known sequence of the 
5'-flanking region of the gfFSHp gene, was used in sequencing 
further upstream. The region of known sequence of the gene is 
indicated by black lines while that of unknown sequence indicated 
by red lines, (b) Primers FSHP-GS4 and FSHP-GS5 were used to 
amplify the potential promoter region (about 1.75 kb) of gfFSHp 
gene. 
42 
Chapter 2 Establishment and Characterization of Stable 1(372 Cell Lines Containing and 
Expressing SEAP Driven by the g f F S H / 3 Promoter 
^ ^ ^ ^ ^ ^ gfFSHp promoter 
\ 
暮 pSEAP/gfFSHp promoter 1 
V j 
SEAP 
Fig. 2-2 The expression construct, pSEAP/gfFSHp promoter. 
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Fig. 2-3 Schematic diagram of cotransfection of LPT2 cells with 
pSEAP/gfFSHp promoter and pBK-CMV constructs, and SEAP 
assay 
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Fig. 2-4 Cloning of gfFSHp promoter-containing LpT2 cells by limited dilution. Firstly, 
the transfected LpT2 cells were subcultured into two 24-well plates and followed 
by testing the response of transfected cells to activin. Wells with high SEAP 
activity were chosen and cells were allowed to further diluted into a 48-well plate 
and then a 96-well plate. After that, single cells in 96-well plate were allowed to 
grow into individual colony, which was expanded in 60 mm plates and tested for 
their SEAP activity and response to activin. 
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Fig. 2-5 Determination of the optimal G418 concentration for selection. 
LPT2 cells were treated with different concentrations of G418 
(0-800 jig/ml). The minimal concentration that kills all the cells was 
used for selection. Magnification, XI00. 
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Fig. 2-6 SEAP activity of L(3T2 cells with and without cotransfection of 
pSEAP/gfFSHp promoter and pBK-CMV constructs 
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Fig. 2-7 Expression of SEAP driven by the gfFSHp promoter by cloned 
pSEAP/gfFSHp promoter and pBK-CMV transfected LPT2 cells. 
SEAP activity driven by the gfFSHp promoter in the conditioned 
media from transfected LpT2 cell clones. Ctl: L(3T2 control cells 
transfected with H2O. 
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Fig. 2-8 Effect of goldfish recombinant activin B on cloned pSEAP/gfFSHp 
promoter and pBK-CMV-transfected LpT2 cells. Cloned 
transfected cells were grown in DMEM and 10% FBS for 48 hours. 
Cells were then washed and subsequently incubated in DMEM and 
10% FBS supplemented with goldfish recombinant activin B 
(gfActB: 4.5 U/ml). After 48 hours, media were collected for SEAP 
assay. Results are the mean 土 SEM of duplicates of each colony. 
Bar marked with a single asterisk (colony #23) is statistically 
different from its control bar (p<0.05). 
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Fig. 2-9 Confirmation of the presence of SEAP reporter gene in the genome 
ofLpT2#23 cells by PCR. M: DNA ladder mix; 1: H2O as negative 
control; 2: pSEAP2-Enhancer as positive control; 3: genomic DNA 
of LPT2 cells without transfection; 4: genomic DNA of LpT2#23 
cells. 
50 
Chapter 2 Establishment and Characterization of Stable 1(372 Cell Lines Containing and 
Expressing SEAP Driven by the g f F S H / 3 Promoter 
LPT2 LPT2 #23 pSEAP2-
M 广 K ( K Enhancer H2O 
RT I + I - I + I I - I + 
ActB 二 - + - + -
• • 
U/ml) I I I I I H  
Fig. 2-10 Expression of SEAP reporter gene in LpT2#23 cells. mRNA from 
both LPT2 and LpT2#23 cells was used for the amplification of a 
fragment of SEAP reporter gene by RT-PCR [RT(+)/(-) and/or 
activin treated/non-treated]. M: DNA ladder mix; 
pSEAP2-Enhancer as positive control; H2O as negative control. 
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Hormonal Regulation of Goldfish Follicle-Stimulating Hormone P (FSHP) 
Promoter Activity in LpT2#23 Cells 
3.1 Introduction 
It is well documented that gonadotropins (GTHs) are differentially 
regulated in mammals. In fish, the presence of two distinct GTHs, 
follicle-stimulating hormone (FSH) and luteinizing hormone (LH), was first 
reported in the chum salmon (Suzuki et al 1988b; Suzuki et al. 1988c). As in 
mammals, GTHs were found to express differentially at different reproductive 
stages in fish. High level of FSH mRNA has been observed during gonadal 
development whereas LH mRNA expression predominates in the spermiation 
and preovulation period in the rainbow trout (Weil et al. 1995). Similar 
observations were also found in other salmonid species. The level of FSH 
remains high during the early events of gametogenesis like vitellogenesis 
while the level of LH increases dramatically before the maturation and 
ovulation (Swanson et al. 1991) (Suzuki et al. 1988b; Suzuki et al. 1988c; 
Prat et al. 1996). The differences of expression profile and function of two 
GTHs in the fish reproductive cycle suggest that they must exist mechanisms 
that differentially regulate the two GTHs. 
One of the LH regulators is gonadotropin-releasing hormone (GnRH). It 
has been shown to stimulate LHp mRNA expression (Khakoo et al. 1994) and 
LH release (Chang et al. 1990) in the goldfish. Release of LH is also 
promoted by GnRH in other species in vivo and in vitro including coho 
salmon (Van Der Kraak et al. 1987)，rainbow trout (Weil and Marcuzzi 1990) 
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and gilthead seabream (Zohar et al. 1990; Gothilf et al. 1997). It has been 
demonstrated that dopamine (DA), an inhibitory neuroendocrine factor, 
inhibits LH release at the pituitary level directly in the goldfish (Chang et al. 
1984) and catfish (De Leeuw et al. 1986). DA reduces both spontaneous and 
GnRH-stimulated release of LH both in vitro and in vivo (Chang and Peter 
1983; Peter et al. 1986; Omeljaniuk et al. 1987). Gonadal steroids also play 
important roles in GTH regulation. The production of LH is regulated by both 
positive and negative feedback of gonadal steroids. Experiments in the 
goldfish showed a rise in the plasma LH level after gonadectomy (Kobayashi 
and Stacey 1990). On the other hand, the positive steroid-feedback on LHp 
mRNA synthesis by testosterone (T) and estradiol-17/3 (E2) has been reported 
in the goldfish (Huggard et al. 1996; Habibi and Huggard 1998)，rainbow 
trout (Trinh et al. 1986; Xiong et al. 1994b; Breton and Sambroni 1996)， 
salmon (Xiong et al. 1994b), eel (Querat et al. 1991) and tilapia (Melamed et 
al. 1997). Pituitary sensitivity to GnRH peptide and GnRH-stimulated LH 
release are also stimulated by gonadal steroids in goldfish (Trudeau et al. 
1991; Trudeau et al. 1993; Lo and Chang 1998). Activin, a dimeric protein 
(PAPA，PAPB and PBPB) belonging to the transforming growth factor-p (TGF-P) 
superfamily, plays a significant role in GTH regulation. Previous experiments 
in our laboratory indicated that recombinant goldfish activin B (rgfActB) 
stimulates FSHp but inhibits LHp mRNA levels in vitro in the goldfish (Yam 
et al. 1999a). However, whether activin regulates transcriptional activity or 
post-transcriptional mRNA stability remains unknown. 
In constrast to extensive studies on LH, studies on the regulation of fish 
FSH expression and secretion have been very limited. This is mainly due to 
the lack of specific and sensitive radioimmunoassays (RIA) for FSH. 
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Enhancement of FSH secretion by GnRH has been demonstrated in female 
rainbow trout (Breton and Sambroni 1996). The circulating FSH level is 
decreased by E： implantation in the immature rainbow trout (Saligaut et al. 
1999). In the goldfish, the number of FSH-secreting cells in the pituitary is 
particularly low compared to that of LH (Fig. 1-6), which makes it more 
difficult to study the regulation of FSH at the transcriptional level. In the slot 
blot hybridization experiments performed in our laboratory, 90 % of the total 
RNA extracted from the goldfish pituitary has to be used for detecting FSHP 
subunit mRNA. 
To alleviate this problem, an LpT2 cell line (LpT2#23) containing and 
expressing SEAP driven by the gfFSHp promoter has been established, which 
provides a novel and useful platform for studies on the regulation of gfFSHp 
expression at the promoter level. L{3T2 cells have all the characteristics of 
mature gonadotrophs including the FSHp and activin expression (Pemasetti et 
al. 2001) and can serve as a specific and sensitive model for studying FSH 
regulation. In this chapter, hormonal regulation of gfFSHp promoter activity 
was investigated using LpT2#23 cells. The present study provides direct 
evidence that activin regulates the gfFSHp subunit at the transcriptional level. 
Additionally, the use of LPT2#23 cell line enables us to investigate the 
hormonal regulation of gfFSHp subunit directly at the transcriptional level in 
details. 
3.2 Materials and Methods 
All chemicals were obtained from Sigma (St. Louis, OH) and media for 
cell culture from Gibco BRL (Gaithersburg, MD) unless otherwise specified. 
Recombinant goldfish activin B (rgfActB) was produced in our laboratory by 
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expressing the protein in an established Chinese hamster ovary (CHO) cell 
line (2A2-11) and purified from the medium according to (Schmelzer et al. 
1990). The activity of the purified rgfActB [in 50 mM Tris-HCl and 150 
mM NaCl (pH 7.4)] was monitored by erythroid differentiation factor (EDF) 
assay using F5-5 cells, a mouse leukemia cell line that responds specifically to 
activin by differentiating into hemoglobin-producing cells (Eto et al. 1987). 
One unit (U) of rgfActB is defined as the amount per ml that induces a 
half-maximal differentiation of F5-5 cells in the bioassay ( E D 5 0 ) (Schmelzer 
et al. 1990), which is equivalent to about 7 ng/ml recombinant human activin 
A. Recombinant goldfish activin A (rgfActA), recombinant human follistatin 
(rhFS-288) and purified ovine growth hormone (GH) were supplied by Dr. 
A.F. Parlow through the National Hormone and Pituitary Program [National 
Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), Torrance, 
CA]. Testosterone (T) and estradiol-17(3 (E2), purchased from Sigma (St. 
Louis, MO), were dissolved in absolute ethanol as O.IM stocks, and diluted to 
the working concentrations with culture medium immediately before use. 
Epidermal growth factor (EGF) and transforming growth factor-a (TGF-a), 
purchased from Promega, were dissolved in H2O and diluted to the desired 
concentrations with culture medium immediately before use. Human 
chorionic gonadotropin (hCG) purchased from Sigma was dissolved in H2O. 
The drug was diluted to the working concentrations with culture medium 
immediately before use. 
3.2.1 Cell culture 
LPT2 cells, a mouse pituitary cell line, were cultured at 37 with 5% 
CO2 in DMEM medium (Gibco BRL, Gaithersburg, MD) with 10% fetal 
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bovine serum (Hyclone Laboratories, Logan, UT). 
3.2.2 Drug treatment 
For each experiment, LpT2#23 cells were allowed to grow to 70% 
confluent in a 100 mm dish and were plated in a 24-well plate at a density of 3 
X 105 cells/well. After preincubation at 37 with 5% CO2 in DMEM medium 
for 48 hours, media was collected serving as the basal level of SEAP activity 
of each well before any drug treatment. Then, the cells were washed with 
serum-free DMEM once followed by adding 0.5 ml DMEM with the drugs 
into each well. After 48 hours, media of each well were collected again and 
were used for the SEAP assay. 
S. 2.3 SEAP reporter gene assay 
The secreted human placental alkaline phosphatase (SEAP) reporter gene 
assay (Roche, Mannheim, Germany) is a chemiluminescent assay for the 
quantitative determination of SEAP activity in the culture medium. It was 
used to investigate the hormonal regulation of the gfFSHp promoter in 
LPT2#23 cells. The SEAP gene product was secreted from the gfFSHp 
promoter in the LpT2#23 cells and was detected in a sample of culture 
medium. 
To assay SEAP activity, 200 \x\ of culture medium was collected from 
each well and after centrifugation to pellet any debris, 20 |il of the medium 
collected was diluted in a microfuge tube at 1:4 with Dilution Buffer. After 
incubation in a water bath for 45 min at 65°C, the diluted samples were 
centrifuged for 30 sec at room temperature at maximal speed before 
transferring to a ice bath. Fifty microlitres of heat-inactivated diluted sample 
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were transferred to a White Combiplate 8, Radius Egde, Polystyrene 
microtiter plate (Labsystems, Helsinki, Finland) and followed by addition of 
50 |il of Inactivation Buffer. After a 5 min incubation period at room 
temperature, 50 \i\ of Substrate Reagent (45 \i\ Substrate Buffer + 5 CSPD) 
were added. The mixture was incubated for 10 min at room temperature with 
gentle rocking and the light emission was visualized, quantified and analyzed 
by Lumi-Imager™ (Roche, Mannheim, Germany). 
3.2.4 Isolation of total RNA 
Total RNA was isolated from the non-transfected cultured LPT2 cells and 
transfected L(3T2 cells (LpT2#23) using TRI Reagent (Molecular Research 
Centre, Inc, Cincinnati, OH) according to the manufacturer's protocol. 
3.2.5 Reverse transcription-polymerase chain reaction (RT-PCR) 
To avoid genomic DNA contamination, ten micrograms of total RNA 
was digested with 1 U RNase-free DNase I (Roche) in a 20 \i\ reaction with 3 
MgCh at 37°C for 20 min followed by incubation at 80°C for 10 min 
before RT-PCR. Two micrograms of total RNA was reverse-transcribed using 
100 U superscript II reverse transcriptase (Gibco BRL, Gaithersburg, MD) in 
a 10 \i\ reaction containing 0.5 mM dNTPs, 0.5 fig oligo-dT and 10 mM DTT 
in IX Strand Buffer at 42°C for 2 hours. Then, PGR was performed with 1 
Hl of the RT reaction in the presence of 0.2 mM dNTPs, 0.2 mM MgCh, 0.2 
^iM 5' primer, 0.2 [iM 3’ primers, IX PGR buffer and 0.75 U Tag on the 
Eppendorf Thermocycler (Eppendorf, Hamburg, Germany). Primers for the 
mouse activin p-subunits were designed according to the published sequences 
of mouse activin Pa and pe subunits (Albano et al. 1993，accession no: 
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NM_008380 and X69620 respectively) (Table 3-1). 
Gene — Primer Sequence  
PA-subun i tmAct -pA-1 5’-CCAGAGATGGTAGAGGCTGTCAAG-3， 
mAct-PA-2 5’-GTCTATGTGACTGTTCCTTTTCCT-3’ 
Pe-subuni tmAct- [3B-1 5，-C AAC AGTTCTTC ATCGACTTTCGG-3 ’ 
|mAct-(3B-2 5 ‘ -CCGCTTG AC AATGTTGTACTCGTC-3~ 
Table 3-1 Primers for amplifying mouse activin p-subunits 
The PGR profile included an initial denaturation at 94 for 4 min, 
followed by 30 cycles at 9 4 � C for 30 sec, 5 6 � C for 30 sec and 7 2 � C for 2 min, 
and a final extension of 10 min at 72 A negative control with total RNA 
without RT as template was included for each PGR to ensure only RT products 
were amplified. 
3.2.6 Data analysis 
To ensure the reproducibility of the results, each experiment was 
repeated at least two times in triplicate or quadarplicate for each treatment. 
The SEAP activity were visualized, quantified and analyzed by the 
Lumi-imager"™ (Roche) and the software LumiAnalyst"™ 3.x (Roche). SEAP 
activity before drug treatment (basal SEAP activity) was used as an internal 
control to normalize the results. SEAP activity after drug treatment was 
expressed as percentage of basal SEAP activity. The data was statistically 
analyzed by one-way ANOVA followed by Fisher's least significance 
difference (LSD) comparison. Differences between groups were considered to 
be significant a t P < 0.05. 
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3.3 Results 
3.3.1 Effects of activin on gfFSHp promoter activity 
To examine the effects of activin on the promoter activity of gfFSHp 
promoter, LpT2#23 cells were challenged with different doses of either 
rhActA or rgfActB for 48 hours after a 48-hour preincubation. Both rhActA 
and rgfActB significantly stimulated the production of SEAP by LpT2#23 
cells in a dose dependent manner with ED50 at 19.96 ng/ml and 1.92 U/ml 
respectively (Fig. 3-1 and Fig. 3-2). 
3.3.2 Blockade of activin effects by follistatin , 
It was observed that activin stimulated the gfFSHp promoter activity in 
LPT2#23 cells (Fig. 3-1 and Fig. 3-2). Follistatin, a highly specific binding 
protein of activin (Nakamura et al. 1990; Kogawa et al 1991; Shimonaka et 
al. 1991; Schneyer et al. 1994) was then used to confirm the stimulatory effect 
of activin on the gfFSHp promoter in LpT2#23 cells. LPT2#23 cells were 
incubated with or without the pretreatment of follistatin (FS; 20 ng/ml and 50 
ng/ml) for 24 hours followed by treatment with different doses of recombinant 
goldfish activin B (rgfActB) (0-8 U/ml) in the presence or absence of FS for 
another 48 hours. As shown in Fig. 3-3a, treatment of FS significantly reduced 
the rgfActB stimulation of the gfFSHp promoter dose-dependently. At high 
concentration (50 ng/ml), FS completely blocked the stimulatory effect of 
activin on the gfFSHp promoter. Surprisingly, the basal expression of SEAP in 
FS treated LpT2#23 cells also decreased dramatically compared to the 
non-treated cells dose-dependently (Fig. 3-3b). 
To analyze the effects of FS on the basal gfFSHp promoter activity, 
LpT2#23 cells were treated with FS (0-400 ng/ml) for 48 hours, after which 
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media was collected for SEAP assay. Addition of FS significantly reduced the 
activity of the gfFSHp promoter dose-dependently (Fig. 3-4). Follistatin also 
inhibited the basal gfFSHp promoter activity in a time-dependent manner. The 
level of gfFSHp promoter activity in the control group was significantly 
decreased by follistatin after one-day treatment and dramatically suppressed 
after two-day and three-day treatments (Fig. 3-5). These results suggest that 
endogenous activin might be produced by LpT2#23 cells. 
To further confirm that LpT2 cells produce activin by themselves, 
RT-PCR using the primers specific for the mouse activin p-subunit genes 
(mAct-pA-1, mAct-PA-2, mAct-bp-1 and mAct-bp-2) was performed. As 
shown in Fig. 3-6, only mRNA of mouse activin pe-subunit gene was detected 
in the LpT2 and LpT2#23 cells but not for the mouse activin (3A-subunit gene. 
No visible product was observed in the negative control. This provides a 
direct evidence for the endogenous activin expression in LpT2 and LpT2#23 
cells, which is responsible for the basal level of gfFSHp promoter activity in 
non-treated LPT2 and LPT2#23 cells. 
3.3.3 Effects of other potential regulators on the gfFSHp promoter activity 
To screen for other possible regulators of the gfFSHp promoter, 
LpT2#23 cells were challenged with steroids, such as estradiol-17/3 (E2, 1 |iM) 
and testosterone (T, 1 |a,M), epidermal growth factor (EGF, 0.1 nM), 
transforming growth factor a (TGF-a, 1 nM), human chorionic gonadotropin 
(hCG, 10 u/ml) and growth hormone (GH, 100 and 1000 ng/ml) for 48 hours 
after a 48 hour-pre-incubation. As shown in Fig. 3-7, all the steroids and 
hormones tested did not have any statistically significant effect on the 
transcription from the promoter of gfFSHp gene. 
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3.4 Discussion 
In our previous experiments, the goldfish primary pituitary cells were 
used to study GTH regulation. However, the response of FSHp expression is 
trivial due to the small number of FSHp-secreting cells in the pituitary. The 
present study makes use of a mouse gonadotroph cell line, LpT2#23， 
containing and expressing SEAP driven by the gfFSHp promoter established 
in the last chapter to investigate the regulation of the gfFSHp promoter by 
activin, a major FSH regulator in vertebrates, and other factors. LpT2#23 cells 
help to increase the magnitude of response since it is a homogeneous cell line 
having FSHp expression in all cells. The advantage of using such a stable cell 
line expressing a reporter gene driven by the FSHp promoter rather than 
transient transfection is to eliminate the transfection variation. The data from 
the present study will complement those from using primary culture of 
pituitary cells, which contain a very small proportion of FSH cells. 
Our results demonstrated that both rhActA and rgfActB stimulate the 
gfFSHp promoter in a dose-dependent manner with ED50 of 19.96 ng/ml and 
1.92 U/ml respectively. The stimulatory effect of activin was confirmed by 
blocking the activin action with follistatin (FS), a well-known activin binding 
protein (Nakamura et al. 1990; Kogawa et al 1991; Shimonaka et al. 1991; 
Schneyer et al. 1994). FS significantly reduced the enhancement of SEAP 
production by activin dose-dependently. The results concur with experiments 
done using the goldfish primary pituitary cultures in which goldfish 
recombinant activin B stimulates FSHp expression (Yam et al 1999a), and 
further explain that the stimulatory effect of activin on FSHP expression is 
mediated at the transcriptional level. The transcriptional activation of the 
FSHP gene by activin has also been reported in the rat. Cotreatment with the 
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transcriptional inhibitor actinomycin D blocked activin stimulation in the rat 
(Weiss et al. 1995). 
To our surprise, the basal expression of SEAP is also dramatically 
reduced by FS. This implies that endogenous activin may be produced by 
LpT2#23 cells, resulting in the basal expression of SEAP driven by the 
gfFSHp promoter. This is further confirmed by the RT-PCR detection of 
mouse Pe-subunit mRNA in both LpT2#23 cells and normal L(3T2 cells. 
Probably FS suppresses the basal gfFSHp promoter activity by binding to 
endogenous activin. Therefore, the high level of endogenous activin may 
account for the high ED50 of exogenous activin required for the stimulation 
of the gfFSHp promoter. These results agree with a recent study indicating the 
presence of activin and follistatin system in LPT2 cells (Pemasetti et al 
2001). 
The expression of activin PB-subunit and the ability to response! to activin 
signaling indicate that LpT2#23 cells function in a way similar to the natural 
gonadotrophs. Thus, LpT2#23 cells, which stably express the gfFSHp 
promoter activity, provide a useful tool in studying the hormonal regulation of 
the gfFSHp gene directly at the transcriptional level. 
However, our preliminary experiments failed to show any effects of some 
other potential regulators of the gfFSHp gene at the transcriptional level. 
More experiments are needed before we can conclude the results. Cell culture 
conditions could be one of the factors affecting the response. For example, 
Pemasetti et al. (2001) cultured the LPT2 cells in 1% nonstriped serum in 
DMEM, and Graham et al. (1999) used 10% charcoal-striped serum 
supplemented with dexamethasone (20 nM) in DMEM/Ham's F-12 whereas 
we used 5% nonstriped serum in DMEM. 
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In conclusion, LpT2#23 cell line is a useful model for studying hormonal 
regulation of the gfFSHp gene at the transcriptional level. It enables detailed 
investigation of the activn and follistatin system, as well as other potential 
hormonal regulators, on the FSHp promoter, which complements the studies 
using primary cultures of the pituitary cells. The study will contribute to our 
knowledge on the mechanism of acitivin signaling in gonadotrophs and the 
regulation of FSHp expression in reproduction of vertebrates. 
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Fig. 3-1 Dose effect of recombinant human activin A (rhActA) on the 
gfFSHp promoter activity in LpT2#23 cells. Values are means 士 
SEM of four determinations, and data shown are typical of two 
independent experiments. *, P < 0.05, compared with control 
treatment (0 U/ml). 
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Fig. 3-2 Dose effect of recombinant goldfish activin B (rgfActB) on the 
gfFSHp promoter activity in LpT2#23 cells. Values are means 土 
SEM of four determinations, and data shown are typical of two 
independent experiments. P < 0.05, compared with control 
treatment (0 U/ml). 
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Fig. 3-3 Suppression of the basal and activin-stimulated gfFSHp promoter activity by 
follistatin in LPT2#23 cells, (a) LPT2#23 cells were grown in DMEM and 10 % 
FBS with or without the pretreatment of follistatin (FS; 20 ng/ml and 50 ng/ml) for 
48 hours. Cells were then washed and subsequently incubated in DMEM and 10 % 
FBS supplemented with different doses of rgfActB (0’ 1’ 2，4，6 and 8 U/ml). After 
48 hours, media was collected for SEAP assay. Results are mean 土 SEM of four 
replicates of each treatment. *, statistically different from the control group 
(p<0.05). (b) FS down-regulated the basal expression of SEAP in LpT2#23 cells in 
a dose-dependent manner. 
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Fig. 3-4 Dose response of follistatin effect on gfFSHp promoter activity in 
LpT2#23 cells. LpT2#23 cells were preincubated for 48 hours 
followed by the treatment with follistatin at different dosage (FS: 0, 
5, 10，50，100 and 400 ng/ml) for 48 hours. Values are means 土 
SEM of four determinations of each treatment, and data shown are 
typical of three independent experiments. *，statistically different 
from the control (P < 0.05). 
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Fig. 3-5 Time course of follistatin effect on gfFSHp promoter in LpT2#23 
cells. After growing in DMEM and 10 % FBS for 48 hours, 
LpT2#23 cells were washed and subsequently incubated in DMEM 
and 10 % FBS with or without follistatin (FS; 50 ng/ml) for one to 
three days. After the drug treatment, media was collected for SEAP 
assay. Values are the mean 土 SEM of four replicates of each time 
point and the results are typical of two independent experiments. *, 
statistically different from the control of each time point (p<0.05). 
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Fig. 3-6 Expression of activin subunits in LPT2 cells and LpT2#23 cells. 
Group A was the PGR using primers for mouse activin PA-subunit 
while group B was the PGR using primers for mouse activin 
Pe-subunit. M: DNA ladder mix; 1: LPT2, RT(+); 2: LPT2, RT(-); 
3: LpT2#23, RT(+); 4: LpT2#23, RT(-); 5: H2O as negative 
control. 
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Fig. 3-7 Effects of different peptides and steroid hormones on the gfFSHp 
promoter activity in LpT2#23 cells. After preincubation of 48 hours, 
LpT2#23 cells were washed and subsequently incubated in DMEM 
and 10 % FBS with drug treatments for another 48 hours. Drug 
treatments included estradiol-17/3 (E2, 1 ^M), testosterone (T, 1 
laM)，epidermal growth factor (EGF, 0.1 nM), transforming growth 
factor a (TGF-a, 1 nM), human chorionic gonadotropin (hCG, 10 
u/ml) and growth hormone (GH, 100 ng/ml and 1000 ng/ml). 
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Chapter 4 
Promoter Analysis for the Activin Responsive Element (ARE) in the 
Goldfish Follicle-Stimulating Hormone (3 (FSHP) Gene 
4.1 Introduction 
Activin is a dimeric protein that consists of two related but different 
peptides, ( 3 a and p e , linked by a disulfide bond forming activin A ( P a P a , ) , 
activin AB (PAPB) and activin B (PBPB). It belongs to the transforming growth 
factor-P (TGF-P) superfamily of growth factors (Massague 1987) and is 
involved in the regulation of many physiological and developmental processes. 
Extensive studies on activin show that it has widespread tissue distribution 
including the pituitary and the gonads (Meunier et al. 1988) and diverse 
biological activities including its regulation of follicle-stimulating hormone 
(FSH) expression and release (Ling et al. 1986b; Vale et al. 1986; Weiss et al. 
1992; Weiss et al. 1995), gonadal steroidogenesis (Hsueh et al 1987; 
Sawetawan et al 1996; Lejeune et al. 1997; Ni et al. 2000; de Kretser et al. 
2001) and gametogenesis (Mather et al. 1990; Findlay 1993; Stock et al. 1997; 
Pang and Ge 1999; Wu et al 2000) and growth hormone (GH) production 
(Bilezikjian et al. 1990). Activin functions mainly as a paracrine and autocrine 
factor in local tissues (Chen 1993). 
In the pituitary, activin functions as a local autocrine/paracrine factor to 
regulate FSH production and secretion (Corrigan et al. 1991; Weiss et al. 
1992). The stimulatory effect of activin on the release of FSH has been 
demonstrated in vivo (Rivier and Vale 1991; Wilson and Handa 1998) and in 
vitro, using peri fused (Weiss et al. 1993) and cultured (Miyamoto et al. 1999) 
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rat pituitary cells and ovine pituitary cells (Muttukrishna and Knight 1991). 
Activin has been shown to stimulate FSHp mRNA expression by 
transcriptional activation (Weiss et al. 1995) and increasing the stability of 
FSHp mRNA at the post-transcriptional level (Carroll et al. 1991). In goldfish, 
activin has been demonstrated to stimulate FSHp expression but suppress 
LHp expression (Yam et al. 1999a). Results from the previous chapters of this 
study showed that activin acts on the promoter of the gfFSHp subunit for its 
stimulation of the FSHp expression. 
Activin, as the other member of the transforming growth factor-p (TGF-p) 
family, exerts its cellular effects by binding to specific serine/threonine kinase 
receptors on the cell surface (Mathews and Vale 1991; Attisano et al 1992; 
Massague 1992). Upon activin binding, a receptor complex consisting of a 
type I (ActR-I) and a type II (ActR-II) receptor (Hino et al. 1989; Mathews 
1994) is formed. The type I receptor is phosphorylated by the active form of 
type II receptor, followed by activation of the signal transduction pathway 
(Attisano et al. 1993; Mathews and Vale 1993; Willis et al. 1996). In 
mammals, Smad family of proteins has been identified as the major 
intracellular mediators of activin signals (Massague 1996; Heldin et al. 1997). 
Smad proteins can be categorized into three subclasses: the pathway-specific 
Smads including Smad 1, 2, 3, 5 and 8; the common-partner Smad such as 
Smad 4; and the inhibitory Smads like Smad 6 and 7. Smad 2 and 3 have been 
demonstrated to transduce activin or TGF-P signals (Chen et al. 1996a; Chen 
et al. 1996b; Lebrun et al. 1999). The phosphorylated active type I receptor 
triggers the phosphorylation of Smad 2 or Smad 3, which is then associated 
with the common partner Smad 4 (Lebrun et al 1999). This multiprotein 
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complex is then translocated into the nucleus, where it interacts with the novel 
transcription factor FAST-1 (forkhead activin signal transducer-1) forming the 
activin responsive factor (ARF) (Chen et al. 1996a; Chen et al. 1997; Yeo et 
al. 1999)，which binds to an enhancer, activin responsive element (ARE), to 
confer activin regulation of target gene transcription (Yeo et al. 1999; 
Germain et al 2000). Smad 6 and 7 are inhibitory Smad proteins which have 
been shown to suppress activin and TGF-p receptor signaling (Hayashi et al. 
1997; Imamura et al. 1997; Nakao et al. 1997; Lebrun et al 1999; Bilezikjian 
et al 2001) (Fig. 1-9). 
Although activin has been shown to increase FSHp transcription in 
vertebrates including fish, the molecular mechanism of its action is still 
unknown. Whether Smads proteins bind directly to the nucleotide sequence to 
initiate transcription and which Smads proteins are involved remain to be 
elucidated. To address these questions it is necessary to identify the part(s) of 
FSHp promoter that responds to activin. Recently, it has been reported that 
Smad Binding Element (SBE) responds to members of TGFp family (Jonk et 
al 1998; Zawel et al. 1998; Kusanagi et al. 2000); however, there has been no 
report on the identification of activin responsive element (ARE) in any 
system. 
Efforts to localize ARE in the FSHp gene have been hampered by the lack 
of differentiated gonadotroph cell lines expressing FSHp subunit. In 
heterologous cell lines, ovine FSHp promoter expressed at high levels but no 
significant response to activin was observed (Strahl et al. 1997). This 
indicates that activin requires a gonadotroph environment to function properly. 
Although transgenic systems can be used to map the ARE on the FSHp 
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promoter, it is a time-consuming and laborious approach. Recently, a mouse 
pituitary cell line, LPT2 cells, was isolated by targeted tumorigenesis in 
transgenic mice (Aland et al. 1996)，and it has been shown to be a mature 
gonadotroph cell line expressing GnRH receptor, SF-1 (Turgeon et al. 1996)， 
estrogen and progesterone receptors, both a - and P-subunits of LH (Aland et 
al. 1996)，and most important of all, FSHp and the activin system (Pemasetti 
et al 2001). Therefore, LpT2 cells will serve as a very useful and efficient 
model for mapping ARE on FSHp promoter. 
The present study aimed at locating the ARE on the gfFSHp promoter by 
using LPT2 cells as a model. This represents one of the first reports on ARE in 
vertebrates and will contribute to our understanding of the molecular 
mechanisms by which activin stimulates FSHp expression. 
4.2 Materials and Methods 
All chemicals were obtained from Sigma (St. Louis, MO), enzymes from 
Promega (Madison, WI) and media for cell culture from Gibco BRL 
(Gaithersburg, MD) unless otherwise specified. 
4.2.1 Generation of SEAP reporter plasmids containing different lengths of 
the gfFSHp promoter 
The reporter plasmid pSEAP/gfFSHp promoter was constructed by ^coRI 
and Xhol insertion of the gfFSHp promoter (1.75 kb fragment) into the 
promoterless pSEAP2-Enhancer reporter plasmid (Clontech, Palo Alto, 
California) as described in Chapter 2. From this plasmid, gfFSHp promoter 
regions with length ranging from 40 bp to 700 bp (designated by the numbers 
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corresponding to the distance from the base of the lower antisense primer 
(+1) at the 5'-end of cDNA) were amplified by PGR in the PTC-100™ 
Programmable Thermal Controller (MJ Research, Inc., Watertown, Mass, 
USA) with the template in IX ？fu buffer (Stratagene, La Jolla, USA), 0.2 mM 
dNTPs, 0.12 mM each primer (Fig. 4-1) and lU ？fu DNA polymerase 
(Stratagene) in a final volume of 50 |iL. The PGR profile included an initial 
denaturation at 94 °C for 2 min, followed by 30 cycles at 94 °C for 30 sec, 62 
°C for 30 sec and 72 °C for 2 min, and a final extension of 10 min at 72 °C. 
The PCR products were digested with Xhol and EcoRl before electrophoresis 
in 1% agarose gel. The desired bands were excised, purified with ethanol 
precipitation and subcloned into the respective sites of the pSEAP2-Enhancer 
reporter plasmid. 
4.2.2 PCR screening and restriction analysis 
After transformation, the bacteria {E.coli XL 1-Blue) were grown and 
selected on the LB plate with ampicillin and tetracyclin. Colonies were picked 
and used as the templates for PCR screening using the PTC-100™ 
Programmable Thermal Controller (MJ Research, Inc.). The PCR reaction 
mixture contained the template in IX PCR buffer, 0.2 mM dNTPs, 0.2 mM 
MgCh，0.6 U Tag DNA polymerase and 0.2 mM each vector-specific primer 
including SEAPl (5'-CTAGCAAAATAGGCTGTCCC-3') and SEAP2 
(5'-CCTCGGCTGCCTCGCGGTTCC-3') in a final volume of 25 ^il. The 
PCR profile consisted of 94 °C for 2 min, followed by 30 cycles at 94 °C for 
30 sec, 58 °C for 30 sec and 72 °C for 2 min, and a final extension of 10 min 
at 72 °C. To confirm the identity of the clones, the plasmids were subjected to 
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restriction analysis by digestion with EcoRl and Xhol in a final volume of 20 
|il followed by electrophoresis. 
4.2.3 Midiprep 
First of all, a single colony was grown in 30 ml LB in a 50 ml Falcon 
tube overnight at 37 °C with shaking until saturated. Then, bacteria were 
collected by centrifuging at 5000 rpm for 10 min. Supernatant was removed 
and the cell pellet was resuspended in 2 ml of solution I [25 mM Tris-HCl (pH 
8.0)，10 mM EDTA and 50 mM glucose] and 100 )il lysozyme (10 mg/ml) by 
vortexing and then was left at room temperature for 5 min. Afterwards, 4 ml 
of solution II (0.2 N NaOH and 1 % SDS) was added with gentle shaking until 
it became clear. After a 5 min-incubation at room temperature, 3 ml of 
solution III (3 M K+ and 5 M acetate) was added to the solution followed by 
brief vortexing and another 5 min-incubation before centrifugation at 5000 
rpm for 10 min. The supernatant was transferred to a 15-ml Falcon tube and 
the plasmid was precipitated with 6 ml isopropanol at - 2 0 °C for 10 min or 
longer. The DNA pellet was obtained by centrifugation at 5000 rpm for 30 
min, air dried, and dissolved in 1 ml TE (pH 8.0). RNase treatment was 
performed by treating the DNA solution with 2 DNase-free RNase A (10 
Hg/|al) (Roche, Mannheim, Germany) at 37 °C for 30 min followed by 
extraction with phenol, phenol/chloroform and chloroform, and precipitation 
with EtOH. DNA was collected by centrifugation at 15000 rpm for 10 min 
and the pellet was dried briefly followed by dissolving in TE (pH 7.6). 
76 
Chapter 4 Promoter Analysis for the Activin Responsive Element (ARE) 
in the g f F S H / 3 Gene 
4.2.4 Cell culture 
LPT2 cells were cultured at 3 7 � C with 5% CO2 in DMEM medium 
(Gibco BRL, Gaithersburg, MD) with 10% fetal bovine serum (Hyclone 
Laboratories, Logan, UT). 
4.2.5 Transfection 
Twenty-four hours before transfection, confluent LPT2 cells were 
subcultured in a 6-well plate with 4x10^ cells in 2 ml medium in each well. 
Then, the cells were transfected with the reporter plasmids prepared in section 
4.2.1 using FuGENE 6 transfection reagent (Roche). Firstly, 5 |il of FuGENE 
6 transfection reagent was diluted with 95 fil serum-free DMEM medium and 
incubated at room temperature for 5 min. Diluted FuGENE 6 reagent was 
added dropwise to the microtube containing 3 jiig (in 1-7 |j.l) of each reporter 
plasmid. The mixture was mixed well by pipetting and tapping the microtube 
and incubated at room temperature for 15 min followed by adding dropwise to 
the cells. Transfected cells were incubated for 48 hours before activin 
treatment. 
4.2.6 Activin treatment 
48 hours after transfection, cells in each well of 6-well plate were splitted 
into four to six wells of a 24-well plate with 0.5 ml DMEM/well and 
incubated for 24 hours before activin treatment. For activin-treated groups, 
recombinant goldfish activin B (gfActB) was added to each well to the final 
concentration of 4.5 U/ml while the same amount of Tris buffer was used for 
the control groups. After treating with activin for 48 hours, 200 fil of the 
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medium of each well was sampled and used for SEAP assay. 
4.2.7 SEAP reporter gene assay 
The secreted human placental alkaline phosphatase (SEAP) reporter gene 
assay (Roche) is a chemiluminescent assay for the quantitative determination 
of SEAP activity in culture medium of transfected cells. SEAP was secreted 
from the pSEAP/gfFSHp promoter- transfected LPT2 cells and was detected 
in the culture medium. 
For the SEAP assay, 200 |LI1 of culture medium collected from each well 
was centrifuged to pellet any debris, and then 20 fil was collected and diluted 
in a microfuge tube at 1:4 with Dilution Buffer (Roche). After incubation in a 
water bath for 45 min at 65°C, the diluted samples were centrifuged for 30 sec 
at room temperature at full speed before transferring to ice bath. Fifty 
microlitres of heat-inactivated diluted sample were transferred to a White 
Combiplate 8, Radius Egde, Polystyrene microtiter plate (Labsystems, 
Helsinki, Finland) and followed by addition of 50 fil of Inactivation Buffer. 
After a 5-min incubation period at room temperature, 50 of Substrate 
Reagent (45 |il Substrate Buffer + 5 \i\ CSPD) was added. The mixture was 
incubated for 10 min at room temperature with gentle rocking and the light 
emission was visualized, quantified and analyzed by Lumi-Imager™ (Roche). 
4.3 Results 
4.3.1 Subcloning of the gfFSHp promoter of decreasing length into SEAP 
reporter vector 
In order to identify the region(s) of the gfFSHp promoter that is 
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responsible for the activin stimulation, different lengths of the 5'-flanking 
region of the gfFSHp gene were amplified by PGR using gene-specific 
primers (Fig. 4-1) and were then subcloned into the SEAP reporter plasmids, 
pSEAP2-Enhancer. The PGR products of different lengths of the gfFSHp 
promoter including -40，-160’ -200’ -220, -280，-400，-500, -600 and -700 bps 
(the number indicates the distance from the first base of the lower antisense 
primer, FSH-GS5 at the 5'-end of gfFSHp cDNA) are shown in Fig. 4-2. Then, 
the DNA bands were excised from the agarose gel. After purification, they 
were ligated into the promoterless pSEAP2-Enhancer after digestion with 
and ^coRL PGR screening using a pair of vector-specific primers, 
SEAPl (5 '-CTAGC AAAATAGGCTGTCCC-3') and SEAP2 
(5'-CCTCGGCTGCCTCGCGGTTCC-3'), was performed to identify the 
clones with inserts of correct sizes (Fig. 4-3). Moreover, double restriction 
enzyme digestion using Xhol and EcoRl was performed on each selected 
clone to confirm the size of inserts. As shown in Fig. 4-4, each of the 
pSEAP/gfFSHp promoter constructs released a DNA fragment of correct size. 
Therefore, these clones were expanded for midiprep of DNA (Fig. 4-5) for 
transfection. 
4.3.2 Activin stimulation of the pSEAP/gfFSHp promoter constructs in LPT2 
cells 
To localize the activin responsive element (ARE) on the gfFSHp promoter, 
pSEAP/gfFSHp promoter constructs (-40SEAP, -160SEAP, -200SEAP, 
-220SEAP, -280SEAP, -400SEAP, -500SEAP, -600SEAP, -700SEAP 
and -1750SEAP) with different lengths were transfected into LpT2 cells 
79 
Chapter 4 Promoter Analysis for the Activin Responsive Element (ARE) 
in the g f F S H / 3 Gene 
followed by treatment with recombinant goldfish activin B (4.5 U/ml). The 
construct containing full-length gfFSHp promoter and the promoterless 
pSEAP2-Enhancer vector acted as the positive and negative control 
respectively. From Fig. 4-6，the basal expression of SEAP driven by the 
gfFSHp promoter decreased gradually as the length of the promoter decreased. 
The basal activity of -200SEAP construct is used as the reference to 
normalize the SEAP activities of other constructs. The constructs -200SEAP 
(pO.Ol)，-280SEAP, -400SEAP, -500SEAP, -600SEAP, -700SEAP and 
full-length -1750SEAP (pO.OOl) showed a significant increase in SEAP 
activity after the addition of recombinant goldfish activin B. However, activin 
has no effect on the constructs -160SEAP, -40SEAP and pSEAP2-Enhancer 
vector. 
As shown in Fig. 4-7, the data are normalized as the percentage of the 
respective control to highlight the activin response. It is clear that -200SEAP 
(p<0.01), -220SEAP, -280SEAP, -400SEAP, -500SEAP, -600SEAP, 
-700SEAP constructs and the full length FSHp promoter (pO.OOl) all 
significantly increased SEAP expression in response to activin treatment. 
Constructs -220SEAP, -280SEAP, -400SEAP and -600SEAP even have a 
100% increase in SEAP activity while full-length -1750SEAP has about 50% 
increase only. Furthermore, the smaller constructs, -160SEAP, -40SEAP and 
the negative control pSEAP2-Enhancer vector, did not respond to activin. 
4.4 Discussion 
Activin has widespread distribution (Meunier et al. 1988) and diverse 
biological activities including the regulation of many physiological and 
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developmental processes. One important function of activin is to regulate the 
expression and release of FSH (Ling et al. 1986b; Vale et al. 1986; Weiss et al. 
1992; Weiss et al 1995). In the goldfish, recombinant goldfish activin B 
stimulates FSHp expression but inhibits LHp expression (Yam et al. 1999a). 
The stimulatory effect of activin on the gfFSHp gene has also been 
demonstrated to exert at the transcriptional level by previous chapters of this 
study. However, the molecular mechanism by which activin alters the 
transcriptional rate remains unknown. The present study aimed at identifying 
the activin responsive element (ARE) on the gfFSHp promoter by 
investigating the effect of activin on the activity of gfFSHp promoter of 
different lengths in LPT2 cells using SEAP as the reporter. 
In the present study, the basal expression of SEAP (Fig. 4-6) driven by the 
pSEAP/gfFSHp promoter constructs showed decreasing promoter activity as 
the length of promoter decreased, suggesting the loss of important 
cz5-elements involved in maintaining basal FSHp expression. In the gfFSHp 
promoter, a TATA box and CAAT box are located at -30 and -240 
respectively for initiation and regulation of transcription. The potential 
transcription starting site of gfFSHp is marked as +1 (Fig. 4-1) and is just 
upstream of the exon 1 (Sohn et al. 1998). A variety of potential cw-elements 
have been identified including gonadotrope-specific elements (GSE) (-178， 
-210)，gonadotropin-releasing hormone responsive element (GnRH-RE) (-158, 
-164, -171), and half steroid hormone responsive elements (1/2 ERE or 1/2 
ARE) (-210，-217) (Sohn et al. 1998). Moreover, activin stimulation of all the 
pSEAP/gfFSHp constructs with promoter length larger than 200 bps is not 
affected by decreasing promoter length, indicating that ARE is present in these 
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constructs. When examining the sequence between -160 and —200，it is 
interesting to find a palindromic sequence AACAGGGATCCTGTT (-185). 
Although it is not a perfect palindrome having an extra G at the seventh 
position, it would be a potential location for the ARE. Further studies using 
site-directed mutation and gel mobility shift assay will be required to 
characterize this sequence. It would be interesting to find out whether this 
potential element binds Smads, the proteins involved in activin signaling in 
the cells. 
Organism Gene Sequence [Reference 
Xenopus goosecoid CATTAATCAGATTAACGGTGAGCAATTAG Watabe et al. 
1995 
Xlim-1 CGTTTGTGTATTCTGGAAGTTATTTGGATA REBBCRT AND 








XFKHl TCATCGTGGGACTGTGTTTGGGGTCAGAAT Howell AND 




Mouse GnRH receptor CTGTCTAGTCACAACAGT Duval et al. 
1999 
Table 4-1 Some activin responsive elements (ARE) identified in xenopus and 
mouse. 
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Studies on ARE have been performed in Xenopus embryogenesis since 
activin has a regulatory role in mesoderm formation in Xenopus (Smith et al. 
1990; van den Eijnden-Van Raaij et al. 1990; Wittbrodt and Rosa 1994). 
AREs have been found to locate in a number of genes involved in Xenopus 
development, such as goosecoid (Watabe et al. 1995), H N F l a (Weber et al. 
1996), Xlim-l gene (Rebbert and Dawid 1997) and XFKHl gene (Howell and 
Hill 1997). However, these AREs range from tens to hundreds of basepairs. 
The potential ARE revealed in the present study shares little similarity in 
sequence with those found in Xenopus. Recently, several DNA-binding motifs 
for Smads, the intracellular mediator of activin and TGF-p signaling 
(Massague 1996; Heldin et al 1997)，have been identified. Examination of the 
promoters of TGF-p responsive genes, JunB gene (Jonk et al. 1998) and 
human plasminogen activator inhibitor-type 1 gene (Dennler et al, 1998) has 
revealed a Smad3-binding sequence containing CAGACA (CAGA motif). 
Searching the gfFSHp promoter region (1.75 kb) reveals two sites at -1676 
and -430 with exactly the same sequence. Whether these sequences are 
involved in activin signaling remains to be elucidated. Moreover, the gfFSHp 
promoter also contained a consensus DNA binding sites for Smad 3 or Smad 4 
(5'-GTCTAGAC-3') (Zawel et al. 1998) at -167 with 6 of 8 bases conserved. 
The location of this Smad binding site in the gfFSHp promoter is very close to 
the palindrome identified in the present study. Since it has been reported that 
Smad proteins together with a transcription partner, such as forkhead activin 
signal transducer-1 (FAST-1), form an activin reponsive factor (ARF) in 
TGF-P signaling (Chen et al. 1996a; Chen et al. 1997), it is possible that both 
the palindrome at -185 and the Smad binding site at -167 form a potential 
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ARE in the gfFSHp promoter. Similar situation has been reported in murine 
GnRH receptor gene promoter demonstrating that part of the activin 
responsive GnRH receptor activating sequence (GRAS) resembles a binding 
site for Smads 3 and 4 (Duval et al. 1999). 
The present study is one of the first studies on the identification of ARE in 
vertebrates. It opens up an area for further studies on the molecular 
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I FSH-GS4 , 
-1744 |atgactgagcagcagtga|gaggtacattgagacctgagtaaatgtgagaattactggatatacagagtca 
-1674 g a c a g a a g c a t t t t g g a t g c a c t g a t g g g a g t g a a a a g a c a g a t t t t c t c t a c a t t a a a a a g c t t t a t t c 
-1604 ggatagggcacttgtcgcagcatgattgatgaaggtcagtgggtcatcttggacaatttccaagatgtgg 
-1534 acacatcaggagtcaatgactgtacaaccttcaaaagcgatggaaagagactgggggcggctgaaagata 
-14 64 aaagagctttgttttgtcaaggttgagctggagatgaaaagccgtagagccagactgag^tctgttaaag 
-13 94 acaatgaacagaatcggaatgaaaatccagggcactttaaactttaaaatagag[a"acggtcaaggcatta 
-132 4 ^a^ac taggcc tgc tgccaaa tagag tgaa tgc tagaa tag t t a t t t tgcagaggacag t t t caaagac t 
-1254 atgctgtatataaaatgttcagaagattttatgtttgaaatacgtctttatgcaaaccactagatatatc 
-118 4 ttttgtcattcgtatttgaaaatgaaatggagattgaaatgctcacaagctttgaaaagagtaatgggtg 
-1114 atttcatgcattaaattggtgaagggtgcattagacagatcaaaagcgacagtaaacattttgaatttga 
- 1 0 4 4 ggttttttatatttttacatatagccatttagcagatgctttatccaaagcagcttacaaatgaggacaa 
- 9 7 4 tggaagcaatcaacaaaagagcaacgatattatttttaatttatgagattctagtttaaaataaatgctg 
- 9 0 4 ctgttgatggcaaagcagcagccatcaacccagtcttcagtgtcacacgattcttcagaagttattttaa 
-8 34 catgctgatttggtgatcagttgctaataataatgattattattgtcatccacatttgaaaaacagttga 
… ‘ .FSH700 
-7 64 acagaaaaacaaactactttgccacttaatattcttgtcaaaattcatgatactcagtattatttfaaaag 
-694 aataataatataaat|aatataaattatacaaaaacaart•t1-r；：^1-1-^•gaa；^npga^-a1-^^-.^f^-：»^：.^-q^^^ 
FSH600  
-62 4 aggtattttaaatctaaaatttt ale catqtctatqatctqtcaalaaaccacttaaaaaac era trarai-i-
FSH500  
- 5 5 4 tgatcaattttattgcatcctttatcaatctaatgcatcaaattatccattacaFatttcaaatqaqcat 
-4 8 4 ct^atcccaatataattttcaaatatcaatagatagagtggttaaagcaaactcagacatcacttccat 
FSH400  
- 4 14 ctgttatgagagacitgtttcaaaagttcqccagg|taaaaactqaactQatactataaaaati-fl;^api-i-i-i-
-3 4 4 atggatttctattaaatatatatatatatatcctccaggaataaattgttaaagcaaccgtgtg|tg£tc^ 
• FSH77fl 
-2 7 4 cttagagatgacaa|gctgttgttccagtgatttt|caat|ccaggaattgtgctgc[agarcactgacctT^ 
"204 aaac|atcaqtqqtqqccttaacaq|ggatcctgttcctqtctaaabtcttccaaactaaatQcca|taarr；^ 
-13 4 cagggcttttggggatttgtgccacctccacaaaagcaaacgcagtagtatgataagacatggctgctct 
FSH40 I——I +f  
"GTCTCAGCGAAACT'CCAGCAG 
F i g . 4 - 1 N u c l e o t i d e s e q u e n c e o f t h e 5 ' - f l a n k i n g r e g i o n o f g f F S H p g e n e and t h e p r i m e r s 
u s e d f o r a m p l i f y i n g t h e d i f f e r e n t l e n g t h s o f t h e g f F S H p p r o m o t e r . P a r t i a l 
s e q u e n c e o f e x o n 1 is s h o w n in c a p i t a l l e t t e r s . S e q u e n c e r e p o r t e d b y S o h n et al. 
( 1 9 9 8 ) i s s h o w n in b l a c k c o l o r w h i l e r e g i o n f u r t h e r s e q u e n c e d in t h i s p r o j e c t in 
b l u e c o l o r . 
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2 0 0 b p — • 
l O O b p — • 
6 0 8 b p — • 
43ibp—• ^ ^ ^ M U M M 
300bp — • 
200bp — • 
Fig. 4-2 PCR amplification of different lengths of the gfFSHp p romote r 
r ang ing f rom -40 to -700 bps ( the d i s t ance f rom the f i rs t 
base of the lower an t i sense pr imer , F S H - G S 5 at the 
5 ' - e n d of g f F S H p cDNA) . 
86 
Chapter 4 Promoter Analysis for the Activin Responsive Element (ARE) 
in the g f F S H / 3 Gene 
B B ^ ^ H 
mm 
Fig. 4-3 PCR screening for different lengths of the gfFSHp promoter. 
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I ^ ^ • 1 • M W ^ i ^ n i P " ^ 
Fig. 4-4 Restriction digestion of the SEAP reporter plasmids containing 
different lengths of the gfFSHp promoter. 
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(0.5 DNA/ lane) (1 |il DNA/ lane) 
lane) 
(1 |al DNA/ lane) 
Fig. 4-5 pSEAP/gfFSHp promoter (ranging from 40 to 700 bps) plasmids 
obtained from midiprep. 
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CPAP [ i SEAP 0 
. 画 A c t B ( 4 . 5 _ 
-40 40 0 • Control 
-160 - H Z H 160 g 
-200 ~ C Z ] 200 * 
-220 — K Z D 2 2 0 g g * * 
-280 O 2 8 0 * * 
-400 • 4 0 0   
-500 I I 500 ‘ H 
州……川”””””rr^ * * 
-600 • 600 I  
你 ** 
-700 • 7 0 0 ； h  
I f / ‘ ^ A U A U / ^ / U ^ ^ ^ U f / ( ( ( * * 
-1744 • FSHP I “ = H  
I 1 1 1 1 1 
0 100 200 300 400 500 
SEAP activity (% control) 
Fig. 4-6 Activin stimulation of the gfFSHp gene expression through 
the -700 and - 4 0 sites. SEAP expression plasmids containing 
deletions of the goldfish FSHp promoter were prepared and 
transfected into LPT2 cells. Basal expression of construct -200 was 
used as control for all the other constructs. All values are presented 
as the mean 土 SEM of duplicate of the same individual construct. 
Bar marked with * and ** is statistically different from its control 
bar with p<0.01 and p<0.001 respectively. 
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I'-' .11 . _ ZJ-H ** 
-400 — — B 400 I  
III * * 
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SEAP activity (�/�control) 
(b) 
- 2 7 4 c t t a g a g a t g a c a a g c t g t t g t t c c a g t g a t t t t c a a t c c a g g a a t t g t g c t g c a g a a c a c t g a c c t t g a 
-2 04 a a a c p i c a g t g g ^ g c c t t l a ^ T ^ g ^ I ^ ^ t c c t g ^ ^ ^ ^ t c t t c c a g a c t g a a t g c c a t g g c c a 
- 1 3 4 c a g g g c t t t t g g g g a t t t g t g c c a c c t c c a c a a a a g c a a a c g c a g t a g t a t g a t a a g a c a t g g c t g c t c t 
Fig. 4-7 Activin stimulation of SEAP expression driven by gfFSHp promoter of different 
lengths, (a) SEAP expression plasmids containing deletions of the gfFSHp 
promoter were prepared and transfected into LPT2 cells. The basal expression of 
each construct was served as the control for its activin stimulated expression. All 
values are presented as the mean ± SEM of duplicate of the same individual 
construct. Values marked with * and ** are statistically different from respective 
controls with pO.Ol and pO.OOl respectively, (b) Sequence between - 2 0 0 





In vertebrates, gonadotropins (GTHs) are important in regulating the 
reproductive processes including steroidogenesis, gametogenesis and 
ovulation. As in mammals, the presence of two chemically distinct GTHs, 
follicle-stimulating hormone (FSH) and luteinizing hormone (LH)，has been 
demonstrated in teleosts such as eel, tilapia, salmonids and cyprinids (Suzuki 
et al. 1988a; Suzuki et al. 1988b; Swanson et al. 1991; Lin et al. 1992; van 
der Kraak et al. 1992; Kato et al 1993; Hassin et al. 1995; Elizur et al. 1996; 
Nagae et al, 1996; Yoshiura et al. 1997; Yoshiura et al 1999). Both GTHs are 
heterodimeric proteins composing of a common a-subunit but a distinct 
P-subunit responsible for the hormone specificity. It has been reported in 
teleosts that FSH and LH exhibit different seasonal patterns of expression. 
FSH predominates in the early stages of reproductive cycle to regulate 
vitellogenesis while LH increases dramatically before maturation to control 
ovulation and spermiation (Swanson et al. 1991; Tyler et al. 1991; Weil et al. 
1995; Tyler et al. 1997; Kagawa et al 1998). The difference in expression 
patterns of FSH and LH suggests that the two GTHs are differentially 
regulated. 
Much research has been done on the differential regulation of GTHs in 
fish. Gonadotropin-releasing hormone (GnRH), dopamine (DA) and gonadal 
steroids (Ez and T) are major regulators of GTH. GnRH promotes the release 
of LH both in vivo and in vitro in coho salmon (Van Der Kraak et al, 1987), 
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rainbow trout (Weil and Marcuzzi 1990) and gilthead seabream (Zohar et al. 
1990; Gothilf et al. 1997) and enhances FSH secretion in female rainbow trout 
(Breton and Sambroni 1996). In the goldfish, both LHp mRNA expression 
(Khakoo et al. 1994) and LH secretion (Chang et al 1990) are stimulated by 
GnRH. While DA, as an inhibitory factor, reduces both spontaneous and 
GnRH-stimulated release of LH in vitro and in vivo (Chang and Peter 1983; 
Peter et al. 1986; Omeljaniuk et al. 1987). For gonadal steroids, its positive 
and negative feedbacks have been reported in many fish species (Habibi and 
Huggard 1998; Melamed et al. 1998). For example, the increased plasma LH 
level after gonadectomy has been reduced following testosterone replacement 
therapy in the goldfish (Kobayashi and Stacey 1990). Moreover, the 
circulating FSH level is decreased by E2 implantation in the immature 
rainbow trout (Saligaut et al. 1999). Positive feedback on LHp mRNA by 
steroids have been shown in the goldfish (Huggard et al 1996; Habibi and 
Huggard 1998)，rainbow trout (Trinh et al. 1986; Xiong et al. 1994b; Breton 
and Sambroni 1996)，chinook salmon (Xiong et al. 1994b), eel (Querat et al 
1991), and tilapia (Melamed et al 1997). 
Despite the extensive studies on GTH regulation in fish, limited 
information is available about the molecular mechanisms of the regulation, 
especially at the promoter level, and most of the studies focus on LH 
regulation whereas the regulation of FSH at the transcriptional level is less 
certain. This is due to the lack of a differentiated gonadotroph cell line 
expressing FSHp subunit. Conventional approaches using primary pituitary 
cell culture, heterologous cell lines and transgenesis have intrinsic problems in 
investigating FSH regulation at the transcriptional level. 
Another important candidate for the differential regulation of GTHs is 
93 
Chapter 5 General Discussion 
activin. Activin was originally purified from ovarian follicular fluid as a 
potent FSH-releasing protein with little effect on LH (Ling et al. 1986b; Vale 
et al. 1986). It is a dimeric protein consisting of two P-subunits (PAPA，PAPB 
and PBPB) (Ying 1988). Activin has widespread tissue distribution and exhibits 
diverse physiological functions (Meunier et al. 1988; DePaolo et al. 1991a). 
Activin usually acts as a paracrine and autocrine factor in local tissues (Chen 
1993). In mammals, activin has been shown to stimulate FSH secretion 
(Corrigan et al. 1991) and FSHp mRNA expression by transcriptional 
activation (Weiss et al. 1992; Weiss et al. 1995) and increasing the stability of 
FSHP mRNA at the post-transcriptional level (Carroll' et at. 1991). Our 
previous findings in the goldfish demonstrated that activin stimulates FSHp 
expression but suppresses LHp expression (Yam et al. 1999a). However, 
whether activin acts on the gfFSHp promoter directly or increases the FSHp 
mRNA stability for its stimulatory effect is unknown. It is also interesting to 
ask where the location of activin responsive element (ARE) on the FSHp 
promoter is if activin works at the promoter level. 
Activin exerts its functions by binding to the specific activin receptors on 
the cell surface. Different subtypes of two activin receptors, namely activin 
type-I (ActR-IA, ActR-IB) and type-II receptors (ActR-IIA and ActR-IIB), 
have been revealed in a number of species (Mathews and Vale 1991; Attisano 
et al. 1992; Kondo et al 1996). Type I and type II activin receptors form a 
complex with activin to initiate the down-stream signaling pathway (Attisano 
e/ al. 1993; Mathews and Vale 1993; Willis et al 1996). In mammals, Smad 
family of proteins has been identified as the intracellular mediators of activin 
signals (Massague 1996; Heldin et al. 1997). In fish, Smad proteins have also 
been identified (Dick et al. 2000) but their involvement in activin signaling 
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remains unknown. 
5.2 Contribution of the Present Research 
5.2.1 Establishment of stable Lj3T2 cell lines containing and expressing 
SEAP driven by the gfFSHp promoter 
In the present study, a stable LpT2#23 cell line containing and 
expressing SEAP driven by the 1.75 kb gfFSHp promoter has been 
established. In our laboratory, differential regulation of GTHs has been 
investigated using the goldfish primary pituitary cultures; however, the 
response of FSH is trivial owing to the small number of FSH-secreting cells in 
the pituitary. Experiments with LpT2#23 would complement the studies using 
the primary pituitary cell culture since it is a homogeneous cell line 
expressing the reporter gene, SEAP, driven by the gfFSHp promoter; therefore 
the cell line provides a useful and efficient model in studying the regulation of 
FSH at the promoter level and screening the potential transcriptional 
modulators of FSH biosynthesis in the goldfish. 
5.2.2 Hormonal regulation of the gfFSHp promoter in L J3T2#23 cells 
The previous work in our laboratory demonstrated that recombinant 
goldfish activin B stimulated FSHp but inhibited LHp expression in vitro 
(Yam et al. 1999a). The present study has further confirmed that the 
stimulatory effect of activin on gfFSHp expression is at the promoter level. 
The stimulatory effect of activin was shown to be specific by blocking with 
follistatin, a potent activin-binding protein (Nakamura et al. 1990; Kogawa et 
al 1991; Shimonaka et al 1991; Schneyer et al. 1994). Interestingly, the basal 
activity of the gfFSHp promoter was also reduced by follistatin, indicating 
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that endogenous activin may be produced by LpT2#23 cells. RT-PCR analysis 
proved that mouse activin Pe-subunit but not PA-subunit is produced in both 
LPT2 and LPT2#23 cells. This agrees with a recently published paper 
demonstrating the presence and production of mouse activin Pe-subunit in 
LpT2 cells (Pemasetti et al. 2001). Based on these results, LpT2#23 cells are 
shown to resemble the activin and follistatin regulation of gonadotrophs in the 
pituitary. Detail regulation of gfFSHp promoter by activin and follistatin can 
be further analyzed by using LpT2#23 cells. 
5.2.3 Identification of the activin responsive element (ARE) on the gfFSHp 
promoter 
Considering that the stimulatory effect of activin on the gfFSHp is 
mediated at the promoter level, I further performed promoter analysis to 
localize the potential activin responsive element on the gfFSHp promoter. In 
the present study, a potential sequence between -160 and -200 bp, responding 
to activin, was identified in the gfFSHp promoter. A careful examination of 
the sequence between -160 and -200 reveals a palindromic 
AACAGGGATCCTGTT sequence in the region (-185 position). This would 
be a potential ARE on the gfFSHp promoter, which represents the one of the 
first in vertebrates if confirmed. 
5.3 Future Research Direction 
Though the present study has shed light on the regulation of FSH system 
by activin and follistatin, further work is required to fully understand the GTH 
regulation. For the potential ARE sequence, site-directed mutation and gel 
mobility shift assay must be done to confirm the functionality of the element. 
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Promoter analysis of both FSHp and LHp gene would definitely provide more 
information on the differential regulation of GTHs. The system developed in 
the present study would be a useful tool to investigate other regulatory 
responsive elements. For example, inhibin is a FSH-inhibiting protein in 
mammals, it is interesting to know whether fish FSH promoter has any inhibin 
responsive element. Another direction would be the involvement of Smad 
proteins in the regulation. Analysis of signaling pathway mediating the 
activin-controlled GTH expression will enrich our knowledge of the 
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